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INVESTIGATION OF WARM-AIR FURNACES 
AND HEATING SYSTEMS 


ee eARTe LT 
TI. GeneraL STaTeMENT CONCERNING THE INVESTIGATION 


1. The Coédperative Agreement—This bulletin is the fourth to 
be published under the present codperative agreement* between the 
National Warm-Air Heating and Ventilating Association and the 
University of Illinois for an investigation of warm-air furnaces and 
furnace heating systems. The agreement was formally approved in 
August, 1918, and the research work was begun in October of that 
year. The first bulletin, a ‘‘Report of Progress in Warm-Air Furnace 
Research,’’ Bulletin 112 of the Engineering Experiment Station, was 
presented to the Association at its annual meeting in Columbus, Ohio, 
on June 11, 1919. A special bulletin, ‘‘The Emissivity of Heat from 
Various Surfaces,’’ Bulletin 117 of the Engineering Experiment Sta- 
tion, was presented to the Association at its annual meeting in Cleve- 
land, Ohio, on April 21, 1920. The third bulletin, ‘‘Investigation of 
Warm-Air Furnaces and Heating Systems,’’ Bulletin 120 of the 
Engineering Experimental Station, was presented to the Association 
at its annual meeting in Cleveland, Ohio, on May 24, 1921. 

In addition to these, eight papers on warm-air furnace testing 
have been prepared for and published by the American Society of 
Heating and Ventilating Engineers.t Two special reports (not pub- 
lished) have also been made to the Association at its annual meetings 
in Cleveland, Ohio, on April 19, 1922, and April 18, 1923, and the 
contents of these reports are included in this bulletin. This bulletin 
deals principally with the work accomplished since March, 1921, and 


* See ‘Report of Progress in Warm-Air Furnace Research,” Univ. of Ill. Eng. Exp. Sta., 
Bul. 112, Appendix II, pp. 61-63, 1919. 

+‘‘A Report of Progress in Warm-Air Furnace Testing at the University of Tilinois,”’ 
Journal of the A. S. H. and V. E., Vol. 26, No. 2, March, 1920. 

“Proposed Furnace Testing Codes for both Pipeless and Piped Furnace Systems, as 
Developed in the Warm-Air Furnace Research Work at the University of Illinois,” Journal 
of the A. S. H. and V. E., Vol. 27, No. 2, March, 1921. 

“Air Measurement in Furnace Testing,’’ Journal of the A. S. H. and V. E., Vol. 27, 


No. 8, November, 1921. 
“Tests of Humidity Conditions in a Residence Heated by a Warm-Air Furnace Using 


Recirculated Air,’ Journal of the A. S. H. and V. E., Vol. 28, No. 1, January, 1922. 
“Humidity Requirements for Residences,” Journal of the A. 8S. H. and V. E., Vol. 29, 


No. 1, January, 1923. 
“Register Temperatures in Warm-Air Heating,’ Journal of the A. 8S. H. and V. E., 


Vol. 29, No. 4, May, 1923. 
“Wall Stack Size and Heating Effect at the Register,’’ Journal of the A. S. H. and 


V. E., Vol. 29, No. 5, July, 1923. 
“Heat Emission from Heating Surfaees of a Furnace,” Journal of the A. S. H. and 


V. E., Vol. 80, No. 1, January, 1924. 
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little reference has been made to material contained in the earlier 
bulletins. 


2. Objects of the Investigation—The principal objects for which 
the investigation was undertaken may be briefly stated as follows: 


(1) To determine the efficiency and capacity of commercial 
warm-air furnaces under conditions similar to those existing in 
actual installations, with leaders, stacks, and registers, to form a 
complete system. Both piped and pipeless furnaces are included 
under this heading. 

(2) To determine satisfactory and simple methods for rat- 
ing furnaces so that the proper size and type of furnace can be 
definitely selected for the service required. 

(3) To determine methods of increasing the efficiency and 
capacity of furnace heating equipment, and the advantages or 
desirability of certain types of design. | 

(4) To determine the heat losses in furnace heating systems 
and the value of insulating materials as affecting the economy of 
the furnace, or the leaders and stacks, and finally of the system 
as a whole. 

(5) To determine the proper sizes and proportions of 
leaders, stacks, and registers supplying air to first, second, and 
third floors. Under this heading has also been included the study 
of types and sizes of furnaces. 

(6) To determine the friction losses in cold-air or recirculat- 
ing ducts and registers, and the proper size, proportions, and 
arrangement or location of the ducts and registers. 

(7) Eventually, to make a study and comparison of out- 
side and inside air circulation as affecting the economy and oper- 
ation of furnace systems. 


In addition to these, the original objects of the investigation, there 
has been added the investigation of ordinary gravity-type furnaces 
operating with small motor-driven fan units. 


3. Discussion of the Problem and Methods Employed.—it should 
be noted at the outset of this discussion that the fundamental idéas 
involved in the methods used in this investigation, as well as the 
furnace plant itself and its essential features, were developed and put 
into operation by the Department of Mechanical Engineering of the 
University of Hlinois in the Spring of 1918. This preliminary work 
soon developed the fact that very little could be accomplished in the 
investigation of warm-air furnaces and furnace systems unless the 
furnaces were operated under the natural gravity flow conditions 
which exist in actual installations. The research aspects of the problem 
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then became very definite, and may be briefly stated under two gen- 
eral heads: 


(a) The exact measurement of large quantities of air, flow- 
ing at very low velocities, under extremely small heads, but at 
atmospheric pressure and usually at high temperature. This 
measurement, moreover, must be made just as the air enters or 
leaves a register face, and, in piped furnace work, at a number of 
widely separated register faces. " 

(b) The exact measurement of the temperature of air flow- 
ing over hot metallic surfaces at points where the temperature 
measuring element is in fairly close proximity to the hot surface. 
At the same time additional air-temperature readings must be 
taken simultaneously at many points. 


These two problems have occupied the research staff almost con- 
stantly since the work was begun. The first problem has been solved 
by an indirect method, using anemometers which are calibrated either 
under operating conditions in an air weighing plant or against a 
standard Pitot tube. A complete discussion of these two problems and 
the methods used in their solution will be found in Bulletin 120* of the 
Engineering Experiment Station. The same bulletin also contains 
all the important results of the previous work which has been done in 
this investigation. The second problem has been solved by the use 
of thermocouples and a potentiometer, all couples having been cali- 
brated in position, and the correction for radiation determined for 
each couple exposed to hot surfaces. 


II. Description oF PLANTS 


4. General Description of Plants—Two testing plants were used 
in securing the data and results presented in this bulletin, and are 
known as the Piped Furnace Plant, or Main Plant, and the Auxiliary 
Plant. The former plant was used for securing data on furnace per- 
formance, capacity, and efficiency under a great variety of operating 
conditions, while the latter plant was used for studying the character- 
istics of stacks, leaders, boots, and registers, arranged in any desired 
combination and operating under any desired condition. In the main 
plant fuel is burned in actual commercial furnaces, but the auxiliary 
plant is electrically heated so that the heat input may be quickly ad- 
justed to give any predetermined air temperature at the register, 

5. Piped Furnace Plant.—A general view of this plant is shown 
in Fig. 1, and detailed elevation and plan views are shown in Figs. 2 
and 3 respectively. Attention is directed to the fact that this plant 


* See page 13. 
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Fig. 1. Tur Marin Furnace Test PLANT 


is of the inside air supply or recirculating type in general use through- 
out the country, and that a single cold-air return connection is taken 
from the level of the first floor, dropping down to a very wide and 
very low cold-air shoe connected to the back of the casing. All tests, ex- 
cept 1 to 17, on fuel burning furnaces reported in this bulletin were 
made with this plant arranged exactly as shown in Figs. 1 to 3. The 
three types of furnaces tested to date are shown in Fig. 7. All other 
features of the plant, including leaders, stacks, and registers, are the 
same as Shown and described in Bulletin 112 of the Engineering Ex- 
periment Station, and the original three-story steel structure erected 
in the Mechanical Engineering Laboratory is still in place. This 
structure merely serves as the working skeleton of a house and carries 
the stacks and registers for the various floors. All important dimen- 
sions are given in the sectional elevation and plan (Figs. 2 and 3). 
There are ten leaders covered with asbestos paper (one layer) and 
all stacks have been cased in to simulate furred wall conditions. Two 
of the four stacks to the second floor and one of the two stacks to the 


third floor are single-wall, but all other stacks are double-wall with 
5/16-inch air space. 
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10 |9in.| 64sqin.|_3in x/4in \Dble 

MMM 5.|9in.| 6459.in. 


3in. x/2 in. Me 
3rd Floor \6 \ 9in. | 64sg¢.in.| 3in.x/2in. \Dble 


Leader Area, _/st Fl. 4525q.in, 2nd £26 5¢.11,, Wd.128.5g.iN. Total 606 $G.IN 
\Fercent Leader Area: /st.f155.9, 2nd 282, 3rd 15.8. 


Fig. 3. PLAN AND DIMENSION TABLE FoR PIPED FurRNACE Test PLANT 
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6. Auailiary Plant—The principal features and details of the 
electrically heated furnace plant used in the tests are shown in Figs. 
4 and 5. This furnace, insulated with both an air space and 85 per 


Fig. 5. ELECTRICALLY HEATED AUXILIARY TEST PLANT 


cent magnesia, and having only one outlet, was designed especially 
for tests of leaders, stacks, boots, registers, and special fittings. In 
these tests, both the weight of air flowing and the rise in temperature 
were determined under the conditions of gravity flow. The quantity 
of air was measured by a specially calibrated anemometer and the~_ 
various temperatures by means of thermocouples, using a copper-con- 
stantan junction as in the main plant. 

The anemometer is mounted permanently in the center of the 
inlet pipe. It is read through a celluloid plate in the pipe and has 
an external release for the clutch. In order to calibrate the anemom- 
eter, the inlet pipe may be detached from the furnace and connected 
to the standard air-weighing calibration plant. The calibration curve 
for the anemometer is shown in Fig. 4. It was found advisable to 
surround the inlet pipe with a screen in order to prevent draughts 
from affecting the anemometer. This screen is shown in Fig. 5. 


The thermocouple system for the test plant has two distinctive 
features: a single cold junction for the entire group of thermocouples 
and multiple junctions for determining the mean temperature rather 
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than the temperature at a single point in the air stream. The wiring 
diagram for the thermocouple system is shown in Fig. 4, as well as 
a detail sketch showing the location of each of the four junctions of a 


a 
& 


: 


Fic. 6. Group oF Stacks USED IN AUXILIARY TEST PLANT 


multiple couple in the leader pipe. A calibration curve for a thermo- 
couple is also shown. Electrical heaters operating on direct current 


with voltage control and regulation are used in the determination of 
the heat input to the furnace. 

The description of the stacks tested is given in Table 1, and some 
of the stacks tested are shown in Fig. 6. Two general groups are 
shown: one in which the connected leader pipe was 10 inches in diam- 
eter and another in which an 8-inch pipe was used. Both single- 
wall and double-wall stacks were included in each group. 
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TABLE 1 
DESCRIPTION OF Stacks TESTED 


ve Single or Dimension Area Perimeter 
eae Double of Stack of Stack of Stack 
No. Stack in. sq. in. in. 
With 10-in. by 8-ft. Leader and 10-in. Inlet Pipe 
1 Ss 10 dia. with elbow 78.54 31.41 
2 8 10 dia. 78.54 31.41 
3 D 5x12 60.0 34.0 
4 D 3x13 39.0 32.0 
5 D 2%x 10 23.75 24.75 
6 D 3 x10 30.0 26.0 
z D 53x 13 71,5 37.0 
8 D 10 dia. with elbow 78.54 31.41 
9 Ss 34x 13 45.5 33.0 
10 Ss 3x12 36.0 30.0 
11 SS) 3 x10 30.0 26.0 
12 Ss Leader only ertete Be 
13 D 10 dia. 78.54 31.41 
14 D 43x 13 57.0 34.75 
15 Ss 3x13 39.0 32.0 
16 bs} § x 12 60.0 34.0 
17-25* Pe oh re bec: cre gidiers 5 be 
With 8-in. by 8-ft. Leader and 8-in. Inlet Pipe 
26 Ss 8 dia. 50.26 25.13 
27 D 23x 10 23.75 24.75 
28 iS) 3 x 12 36.0 30.0 
29 D 3 x10 30.0 26.0 
30 Ss 3 x10 30.0 26.0 
31 Ss 3x13 39.0 32.0 
32 D 3x13 39.0 32.0 


*Tests on 8-in. leader and 10-in. inlet, omitted. 


7. Method of Testing—Main Plant.—The object of practically — 
all of the tests made on the main plant was to study the effect 
of certain changes in design in the plant upon plant or furnace 
performance. In order to eliminate any influence of variations in 
the character of the coal used, all tests with the exception of tests 98— 
101 were run on anthracite coal (Table 4, page 45) taken from a 30- 


ton allotment purchased at the beginning of this investigation. 
The testing procedure for all hard-coal tests was as follows: 


A fire was started on clean grates using a charge of wood equal 
to 10 per cent of the coal charge required. A fuel charge consisted 
of sufficient coal to fill the firepot to the level of the bottom of the 
feed neck. The weight of this charge varied for the different furnaces, 
but averaged approximately 200 lb. The wood was allowed to burn 
for 10 minutes and, for the tests at high combustion rates, about one- 
fourth of the fuel charge was then fired. Readings of temperatures 


{ 


g 
7 
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were then taken. The time of firing the first coal was the official time 
for the start of the test. This time was marked on the charts of the 
draft and CO, recorders which had been previously put into operation. 
The balance of the coal charge was subsequently fired in three or four 
lots such that the total charge was in the furnace at the end of the 
first hour of the test. In the case of the tests at very low combustion ; 
rates, the coal was fired in smaller lots and the charging time was ex- 
tended to an hour and a half. The fire received no further atten- 
tion until the close of the test. The dampers were controlled so that 
the temperature of the air at the bonnet had attained the value pre- 
determined for the test within an hour or an hour and a half after 
the start of the test. The automatic damper regulator was then put 
into operation and the desired bonnet temperature was maintained up 
to the close of the test. During the period of rising temperature the 
anemometer in the recirculating duct was allowed to run constantly 
and all temperature readings in the air system were taken every half 
hour. Compensation was then made for this period of rising tempera- 
ture when the observations were averaged. After conditions had be- 
come constant all readings were taken once an hour on the tests at 
low combustion rates, and once every half hour on the tests at high 
rates. The anemometer was allowed to run for 15 minutes between 
readings. 

The tests were closed when a decided break occurred on the CO, 
chart, indicating that the fire had burned to a point where an increase 
in the excess air appearing in the flue gas began to be in evidence. 
This usually occurred when there was from 20 to 30 per cent of the 
original fuel charge remaining on the grates. The fire was then 
quenched by means of water from a hose and the residual fuel and 
ash was removed and dried. The residual material was weighed when 
thoroughly dry. Since the drafts used were very low, all of the ash 
in the original coal charge was contained in the residual. This weight 
of ash was calculated from the weight of the original coal charge and 
the coal analysis and subtracted from the total weight of residual. 
The remainder, which was the weight of carbon, was then reduced to 
terms of equivalent coal, as outlined in a previous bulletin,* and sub- 
tracted from the weight of coal fired in order to obtain the weight of 
eoal burned. 

In the case of bituminous coal (Table 4) it was not feasible to 
fire the entire charge within the first hour of the test. Small charges 
of fuel were fired at approximately regular intervals, depending on 
the rate of combustion, and the fire was leveled between firings, when 


* “Tnyestigation of Warm-Air Furnaces and Heating Systems,” Univ. of Ill. Eng. Exp. 
Sta., Bul. 120, p. 48, 1921. 
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the CO, chart indicated that holes had developed in the fuel bed 
causing an increase in the amount of excess air. Very little auxiliary 
air was admitted through the damper in the firedoor, and the surface 
of the fuel bed was never allowed to burn appreciably lower than the 
tops of the slots in the firepot. The dampers were automatically con- 
' trolled. The furnace was fired over a preliminary period of several 
hours before beginning a test and the same conditions were maintained 
as those required for the test. At the beginning of the test the con- 
dition of the fuel bed was noted and the ashpit cleaned, and the test 
was closed with the fuel bed in as nearly the same condition as pos- 
sible. A test period of approximately 36 hours was required in order 
to reduce the error in estimating the condition of the fuel bed to 
within a negligible percentage of the total fuel burned. At the close 
of the test the ash and refuse in the ashpit was removed, weighed, and 
analyzed (Table 4). From the weight and chemical analysis the coal 
equivalent was calculated for the ash and refuse; this was then sub- 
tracted from the weight of coal fired to obtain the weight of coal 
burned. 

8. Method of Testing—Auailiary Plant.—In Section 6 and Figs. 
4 and 5 the general features of the auxiliary testing plant are described 
and illustrated. For a test of any particular combination of stack 
and leader the testing procedure consisted of the nearly simultaneous 
observation of the temperatures at the furnace bonnet, boot entrance, 
boot exit, register throat, inlet pipe, and surrounding atmosphere, and 
the reading of the anemometer, the voltmeter, and the ammeter. The 
actual time required for all the readings was five minutes. For com- 
plete data on the performance of the stack several such tests, cover- 
ing a range of register air temperatures, were required. Between suc- 
cessive tests, when the heat input was varied for the purpose of ob- 
taining a new register air temperature, a period of two hours was 
necessary for the establishment of thermal equilibrium. 


III. Summary anp Discussion or TESts AND RESULTS 


The results of tests on the main or piped furnace plant have 
been tabulated, and both the observed data and the calculated re- 
sults are presented in detail in Table 2. The results of the tests on 
the auxiliary plant can be most effectively shown as curves and both 
observed data and calculated results are presented in this manner in 
Figs. 8 to 17. A discussion of the results of all tests will be found 
in Chapters IV to XXTI inclusive. 

9. Results of Tests with Piped Furnace Plant.—These tests are 
presented in numerical order in Table 2. A classification of the tests 
in accordance with the various conditions of operation which were 


é 
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under investigation is given in Table 3 and the three types of furnaces 
tested are shown in Fig. 7. In using this table of ‘Classification of 
Tests’’ it will be found that the individual test numbers appear under 
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more than one class. It is possible, therefore, to determine all the 
conditions existing during any test by noting the different classes in 
which the test number appears. 

10. Results of Tests with Auxiliary Plant.—These tests are pre- 
sented under five principal headings, and in each case two sets of 
curves are shown, first, for the stacks connected to a 10-inch diameter 
leader, and second, for the stacks connected to an 8-inch diameter 
leader, as follows: 


(a) Heating effect at the register in B. t. w. per hr. 
(b) Weight of air flowing per hr. 

(c) Heat input to furnace in B. t. u. per hr. 

(d) Temperature drop—bonnet to register. 

(e) Temperature drop—boot to register. 


In all cases air temperatures at the register are plotted as ab- 
scissas, and the observed air temperatures at the register have been 
reduced to a common comparative basis by correcting all observed 
temperatures to a common air inlet temperature of 65 deg. F. 

11. Method of Presenting Test Results—Since the discussion of 
individual tests would be of little significance in showing how the ob- 
jects of the investigation have been accomplished, the tests are grouped 
and presented in the following eighteen chapters, [V to X XI inclusive. 
The main plant test numbers are also given under each chapter head- 
ing so that reference may be made to the individual tests in Table 2. 
The auxiliary plant tests have not been tabulated, but all essential 
test data for any given register air temperature may be read from the 
ceurves of Figs. 8 to 17. 

Throughout this bulletin the quantities referred to as ‘‘capacity,’’ 
‘‘furnace efficiency,’’ ‘‘equivalent register air temperature,’’ ‘‘com- 
bustion rate,’’ ‘‘heat available at the register above 70 deg. F.,’’ and 
‘‘heating effect,’’ are based on the following formulas: 


Capacity, B. t. u. per hr. put into air = W x 0.24 & (Tr — Ti) 
Combustion rate, lb. coal burned per sq. ft. grate per hr. = C/A 


capacity <x 100 
heat developed on grate per hr. 


W X 0.24 & (T,— T;) & 100 
OG 
Equivalent register air temperature — (7,— Ti + 65) = T, 


Furnace Efficiency, per cent = 


(Based on air temperature of 65 deg. F. at recirculating duct) 


a 
5 
% 
= 
“= 


ae 


of air flowing i in system per hr,; 1b. 

4 — average specific heat of air. 

: a = weight of coal completely burned per hr., Ib. 

H = calorific value of coal, B. t. u. per lb. 

A = area of grate surface, sq. ft. 

e T,—= temperature of air at inlet to recirculating duct, 


ow = mi 


deg. F. 
—_ T, = temperature of air at furnace bonnet, deg. F. 
T, = temperature of air at register, deg. F. Z 


T. = equivalent register air temperature, based on 65 
deg. F. at recirculating register. 


28 


ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 2 
DATA AND RESULTS OF TESTS ON PIPED FURNACE PLANT 


Ne —— 


Item Item and Units 
No. 
pce Se er ee eS 
Los || Lestunumaber £276 SiG. cea alo ttm hate etoeesiare tenes oarali Bens crotemisye veieit, SieeeehaZ sti 1-10* 
ect te ee ee Ree) Skee ee Oe 
Doll Datecs vie.cuote clave gccte'o clea SS @ aus weve Stole aholegisl4ye e etelatel> o/nln wie eleleanairiate ave eee bie ie 
3- Duration of test, Br... ove~cies ces ace eee = #leiesnre in elm crest o.ein a] 4) ine eiaiy ie mages eee) vase gel tea 
4 || Barometer, in. of mercury.......26-.seceeecs secs e ns eens ete e eens e rs ee taeelsecnccsis cic 
Bia ll ainid.of Goall.: 0. sche, cco aa Sucl> 2 oe ee miele sale es erstoka acatape == ie) ape fers le eee Ae ern Sk 
6 || Calorific value of coal as fired, by oxygen calorimeter, B., 6. per IB eid sae eerie 
7 || Calorific value of dry ash and refuse, B. t. u. per Ib.......---- 0 eee eee eee eee clee esse ees “ 
8 Draft at smoke collar, in. of water.......-.-+++++-++ D a:< ihe oe be, Hee eee 6. dil aa ater 3 
9 Draft, differential, ashpit to smoke collar, in. of water.....-----+.-eseeee sees eler see teeee 
10 || Temperature of air entering ashpit, deg. F.........-. 0+ eee e sent eee eee e ee slee renee 
11 Temperature of air at inlet register, deg. F......---- 0+ +e eee eee rete eee eee esl eee eeee 
12 Temperature of air surrounding leaders, deg. | See eke ee ee lig. i SL 
13 || Temperature of air at register faces, aver., deg. F.......-. +--+ 000 e rece e eee e lester ee eee 
14 Temperature rise of air, inlet to register, Ge. Bacon = tpets ae sisiars.a iotecars sas ea acateeiatadl cae eee 
15 || Equivalent temperature of air at register faces above 65 deg. F. at inlet, deg. F...|...... . 
16 Temperature of air at boots, aver., Gee Bs close oe skePnona, sates) ties yae ote o.ar'aslinrollerede al fccetna ene ea 
17 || Temperature drop of air bonnet to boots, deg. F...... 1. +... sees cece eee eee ec lee eee eeeee 
18 || Temperature of air at.bonnet, deg. F...... 2.2. sees esse eee e este eee eee cele t eee eees . 
19 || Temperature rise of air, inlet to bonnet, deg. F...............++--- tele clei Bigie etal oa ee slateetale 
20 || Temperature of flue gas at smoke collar, deg. F.........--...+-++--- FOP ee a 
21 || Temperature of cast front surface, deg. F.......... 2... cece cere cece eee eee eee le nsec scans 
22 Temperature of galv. bonnet surface, deg. F...........--+-+--+-++-- igre Suku ged ates, dee eee 
/ 23 Temperature of galv. casing surface, deg. F..... 0.0... cece rece e cer cen eter ce nfeseprsewes 
24 Temperature of galv. recir. shoe surface, deg. F......-.- 0022s cece e eee ee eee [eee eee ceee 
25 Temperature of concrete floor, inside base ring, deg. F................00222--efeeee neers 
26 ‘Temperature of ashpit surface, Gee) BY 5... :cus sre eis alae i « <del ieee eleleteaielg eine ihe ioi iste otelts 
o7 | Temperature of frepot surtace, deg. Po... vc. see voces see 2 eileen eater aie ere niazeereis 
28 Temperature of combustion chamber surface, deg. F..... 2.2.2.2... 00sec cece cslecereseece 
29\ |'Temperature of radiator surface, deg. Po... 21.5 sss cs cle stvran > eleeiriolate eine nis pe tty ere ieee 
30 Density: of sir at inlet register, Ib: per cCusfts. </2.. sa aret~ 2 cists oe venmnclo tole} oreleis iaeed tle aia ere iene 
31 Density of air at bonnet, Ib; per: OU. Phin. «cme ns wclee wc ea = ve © ce eleivicy eine eel feet neat 
32 Density of air at register faces, Ub. per Cul, Pix. oc 5 ox ore re ere porev ones erste ah tas foe eta eee Merb eee 
“33 Velocity through frée’area of inlet register, ft. per-min.,. <)./.:. « sates <r eee wre cierslfn eters eins 
34 Velocity of flow in recirculating duct, ft. per min.............seccnecsercreae Salle ia.co athe far 
35 Velocity through minimum free area of furnace, ft. per Min................- 0c le ee eee eens 
66. ‘| Volume. of. air at register faces, Cu. fb. per Bri cins cos cc ac mtsie oie sei crate’ eel sie acereiunenr enell aierte eens 
87 |) Weight of’air circulated per Lirsy Whi... caictemcetoc «mc iv ae < eve o viayere eerie emenetnereie oe eae ee 
38 Weight of’air circulated per lb. coal burned, Ilb;...< < Scie» nte.cisiem « o)eiele « sue sis ee Je eee ee 
39 Weight of air circulated per 10,000 B. t. u. developed on grate, Ib..............|....0-000- 
40 Weight of. coal fired, total? Miso... ju, 0:5:wusce:cossel erate ohane cata isso ei ace ieaenene pentane Natale ol ciate eaten ean 
41 Weight of dry-ash.and refuse at-end. of test, Ib.c. .:21< sy aotere cistaie se sisreleeucioneneie Qaieie eterna 
42 Weight of coal:equivalent.-of refuse; Noise. os ss aen wd sien « oe eee Ce Ee eee 
43. |\ Weight, of coal burned! during test; net, Ibs. 05.c.. <><. ore eretro as eaieee aie ee trees 
44 || Weight:of coal ‘burned:per hy. net, [bss s.iccacre a2s 0 ie ca nual oe mine eee aoe ie ae ore eee 
45 || Combustion rate, lb. coal burned per sq. ft. grate per hr.............0e00eeeecleeeeees rae 
46 Heat developed by net coal burned per hr., B. t. u..........-.secececcccceces Patents, 
47 Capacity, heat put into air between inlet and bonnet, B. t. u. per hr............[/....-2.0+- 
48 Heat available at register faces, above 70 deg. F., B. t. u. per hr............-2..|e-+e+eeees 
49: || ficiency ‘of furnace, per Gent, « «a = sic.civiers sare siacsse © sre suiere eerste Cee 
50° ||'Carbon dioxide in flue gas, per cent by svolume......-. .<.ccaees eee eeisiei ie ne relia eee 
51 Oxygen in fluegas,-per. cent by-volumes. <<). saisncut os eeeeis cee ae ne ene ae eee 
52 Weight dry flue gas per lb. ‘coal’ burned; Jb.ce nes eee eee eee eee ee 
53 Heat lost in flue gas, B.t: Ww. perdb.. coalibumed) «54... > nes eee eee eee eee ee 
54 || Heat lost by radiation and unaccounted for, B. t. u. per lb. coal burned........|........-- 
55. Heatilost. in flue gas, per ‘cemty..°.. nace iele oa elesa a) areas eI ev cliuet cee eet a 
56 Heat lost by radiation and unaccounted for, per cent 


*Tests 1 to 10 inclusive were preliminary tests on the furnace plant; complete data not obtained. 
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TABLE 2 (CONTINUED) 
Data AND RESULTS oF TESTS ON PIPED FuRNACE PLANT 


Test Data and Results* Ttom 
No. 
11 12 13 14 15 16 18 19 1 


4-23-19 | 4-30-19| 5-1-19 | 53-19 | 5-9-19 | 6-5-19 | 10-10-21 | 10-12-21 | 2 
12.0 12.0 9.5 12.0 12.0 12.0 8.0 Bee 3 

3 29.28 29.43 28.98 29.18 29.37 29.29 29.26 29.62 4 
i Anthr Anthr Anthr Anthr. Anthr Anthr Anthr Anthr 5 
12790 | 12790 | 12790 | 12790 | 12790 | 12790 | 12790 | 12790 6 
10023 | 10260 | 10200 | 10216 | 10180 | 10332 8 080 7 110 7 
0.054 0.054 0.079 0.053 0.058 0.045 0.095 0.161 8 
os fad ot) ete’; Rs ees San eo ee) eee a 9 
85.0 81.0 76.5 84.5 73.5 81.5 84.5 830 || 10 
84.5 80.0 76.5 84.5 73.5 81.0 88.0 83.0 | 11 
169.5 182.5 197.5 188.5 175.5 165.0 200.5 | 213.0 — He 
85.0 102.5 121.0 104.0 102.0 84.0 112.5 130.0 14 
150.0 167.5 186.0 169.0 167.0 149.0 177.5 195.0 15 
175.5 189.0 205.5 195.0 183.0 171.0 208.0 221.5 16 
6.0 6.0 5.0 5.0 5.0 5.5 16.0 18.0 17 
181.5 195.0 210 5 200.0 188.0 176.5 224.0 239.5 18 
97.0 115.0 134.0 115.5 114.5 95.5 136.0 156.5 19 
458 554 676 572 575 532 810.0 950 20 
oe SP Sa ee ae ees ee arene 418 514 21 
52) aah ee Ae on ial ee nena eaneneneas 259 325 22 
ee ee See ree ey tN ess oN ee hak 345 408 23 
it nS BAe aes lies = RN MRCS (ieee ee eT nema 127 150 24 
td Re Ba SE Sa Sere) eee 408 350 25 
te ere ee ee AN eT loinc sGaleeos conan 26 
2. bE SEES ee OS en ar eens 1179 1276 27 
(se od 2 A hay Se See Ss ie es iar Ragan 981 1102 28 
Es he gy Nit SAAS NOE FY ARIS 2 720 832 29 


si btdsc ghd Aone hited Be ean an Sere Hears RRC cea Cire ias rae 256 269 33 
152 161 171 152 158 148 200 210 34 
166 182 200 173 178 162 233 254 35 

58 600 64 200 70 200 60 700 62 800 57 000 80 900 87 300 36 
3610 3900 4100 3620 3850 3535 4740 5090 37 
296.5 277.0 231.0 257.0 282.0 280.0 170.0 131.0 38 
232.0 217.0 181.0 206.0 220.5 219.0 133.0 102.0 39 
256.0 255.0 255.0 255.0 255.0 255.0 275.0 250.0 40 
141.5 107.3 108.5 112.5 114.5 128.0 82.5 65.25 41 
110.0 86.2 86.6 90.0 91.1 103.4 52.1 36.3 42 
146.0 168.8 168.4 165.0 163.9 151.6 222.9 213.7 43 
12.17 14.07 17.73 13.75 13.65 12.62 27.85 38.9 44 
4.23 4.89 6.16 4.77 4.74 4.38 9.65 13.49 45 
155 500 179 800 226 500 175 900 174 700 161 400 356 000 497 000 46 
84 200 107 500 132 000 100 500 106 000 81 200 154 700 191 200 47 
69 400 91 400 115 000 86 400 89 600 67 900 122 400 152 600 48 
54.2 59.7 58.2 57.2 60.7 50.3 43.5 38.5 49 
16.5 17.0 17.0 17.2 163-7. 16.0 14.6 14.9 50 
3.5 3.0 3.0 2.4 3.3 4.0 4.9 4.6 51 
12.37 12.03 11.52 11.88 12,22 12.72 13.52 13.35 52 
1680 1855 2190 1900 1985 1924 2777 3185 53 
4163 3306 3285 3575 3047 4436 4450 4680 54 
13.1 14.5 17.1 14.9 15.5 15.0 21.7 24.9 55 
B25h= - 25.8 25.7 27.9 23.8 34.7 34.8 36.6 56 


*Tests 11, 12, 13, 14 and 15 are identical with tests in Table 5 of Bulletin 112, Eng. Exp. Sta., tests 
with rectangular type recirculating duct. Note that these are not comparable with later tests 
on account of different method of obtaining bonnet air temperature. 

Test 14, furnace lagged all over with 1)4-in. hair felt and third-floor leaders dampered. 
Test 15, furnace lagged above middle casing ring. 

Test 17, omitted on account of incomplete combustion data. 

Test 18, first test with improved type recirculating duct; 52-in. unlined casing. 
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TABLE 2 (CONTINUED) 
DATA AND RESULTS oF TESTS ON PIPED FURNACE PLANT 


Item Test Data and Results* 


1 20 21 22 23 25 26 27 
| 

Z 10-14-21 | 10-17-21 | 10-19-21 | 11-4-21 J2-14-21 | 12-21-21 | 12-29-21 \Aq 

3 9.0 14.0 15.0 5.0 6.0 5.0 4.5 

4 29.73 29.39 29.15 29.35 29.51 29.32 29.80 29.80 ; 

5 Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. i 

6 12 790 12 790 12 790 12 790 12 790 12 790 12 790 12 790 4 

yi 9 920 9 560 11 140 9140 8450 9150 9040 ere . 

8 0.063 0.032 0.025 0.196 0.131 0.163 0.158 

We Accs ee tecera WU codsote 0 ce Billenim te: ee adele clficne, Phe Bhar eve Seallartana ents sie (oie al | cistne: sesnstio ncn on a ete natant fe Wei) eee S 

10 84.0 91.0 84.0 87.0 86.5 74.0 76.0 74.0 

11 85.0 94.0 86.0 89.0 89.5 77.5 81.5 78.5 

RD AM ce ace Se nel loiars ta lege a katte nce nape 96.0 95.0 83.0 94.0 85.0 

13 176.0 169.0 142.5 214.5 201.0 192.0 205.0 203.0 

14 91.0 75.0 56.5 125.5 111.5 114.5 123.5 124.5 

15 156.0 140.0 121.5 190.5 176.5 179.5 188.5 189.5 

16 180.5 173.0 146.0 223.0 208.0 200.0 212.5 210.0 

—— 

17 14.0 12.0 10.0 17.5 16.0 16.5 17.0 17.0 

18 194.5 185.0 156.0 240.5 224.0 216.5 229.5 227.0 

19 109.5 91.0 70.0 151.5 134.5 129.0 148.0 148.5 

20 645 516 402 930 800 760 893 916 

21 386 323 240 452 368 511 448 459 

22 226 204 163 306 258 272 289 283 

23 282 244 1 WO 6 352 236 367 375 347 

24 120 123 107 158 143 137 142 129 

25 370 300 240 350 340 360 357 258 

DG Ws x oie. oe. es,orniltcustacsueevece. ectifignar siateleomtatene tle ce sapere cack ca, local lava a teiceuaid ce) eel te ghee lets tet See UET LSet are cnet ke ae 

27 1031 916 786 1230 1168 OT i Rasen cae 1261 

28 818 708 537 1012 947 Ea md ress Sige kee 1013 


31 0.0601 0.0604 0.0626 0.0555 0.0572 0.0574 0.0572 0.0574 
32 0.0618 0.0619 0.0641 0.0577 0.0591 0.0596 0.0594 0.0596 


33 238 226 202 265 258 265 261 274 

34 186 177 158 207 202 207 204 214 

35 210 192 167 247 235 244 244 256 - 
36 72 800 67 200 58 500 85 000 81 200 84 200 84 200 88 300 ~ 
37 4500 4160 3750 4900 4800 5020 5000 5260 

38 239.0 328.0 441.0 131.5 158.0 162.0 133.0 129.5 

39 187.0 257.0 345.0 103.0 123.5 127.0 104.0 101.5 

40 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 

41 104.5 97.0 141.0 89.5 79.5 89.8 88.0 92.5 

42 81.0 72.4 122.5 63.8 52.4 64.2 62.2 67.2 

43 169.0 177.6 127.5 186.2 197.6 185.8 187.8 182.8 

44 18.8 12.7 8.5 37.2 30.4 30.95 37.6 40/6 

45 6 52 4.4 2.95 12.93 10.55 10.75 13.04 14.06 


46 240 000 162 200 108 600 476 000 388 500 396 000 480 000 519 500 
47 118 400 91 800 63 000 178 300 155 000 167 500 177 600 187 500 


48 93 000 69 800 46 350 141 600 122 700 132 000 142 300 150 700 
49 49.3 56.6 58.0 37.4 39.9 42.3 37.0 36.1 
50 16.8 15.9 13.6 14.1 15.5 15.5 15.1 14.5 
51 2.7 3.6 Hee) 5.4 4.0 4.0 4.4 5.0 
52 11.52 12.24 13.31 13.79 12.72 12.61 12.95 13.4 
53 2015 1672 1581 3252 2598 2517 2994 3185 
54 4465 3878 3789 4758 5092 4835 5061 4985 
55 15.8 13.1 12.4 25.4 20.3 19.7 23.4 24.9 
56 34.9 30.3 29.6 37.2 39.8 38.0 39.6 39.0 


*Tests 27-31, with various arrangements of small fan in recirculating duct. 
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TABLE 2 (CoNTINUED) 
DATA AND RESULTS OF TESTS ON PIPED FURNACE PLANT 


Test Data and Results* Ttem 
'S No. 
29 33 34 35 39 40 41 1 
1-2-22 1-18-22 1—20-22 1-21-22 2-20-22 2-22-22 | 2-24-22 2 
8.0 14.0 7.5 4.5 9.0 6.0 5.0 3 
29.60 29.22 29.65 29.52 29.78 29.32 29.85 4 
Anthr. Anthr Anthr Anthr. Anthr. Anthr Anthr 5 
12 790 12 790 12 790 12 790 12 790 12 790 12 790 6 
9 510 10 650 10 100 10 030 10 650 10 280 8 400 7 
0.110 0.046 0.111 0.179 0.063 0.102 0.201 8 
(=i = 
74.5 73.0 73.0 70.0 74.0 80.0 89.0 76.0 10 
76.0 72.5 76.5 72.0 75.0 83.5 92.0 77.0 11 
81.0 80.0 81.0 80.0 86.0 90.0 99.0 87.0 12 
141.5 171.5 137.0 165.5 192.5 168.5 198.0 211.5 13 
65.5 99.0 60.5 93.5 117.5 85.0 106.0 134.5 14 
130.5 164.0 125.5 158.5 182.5 150.0 171.0 199.5 15 
145.0 178.0 140.0 171.0 200.0 174.5 206.5 219.5 16 
9.0 14.5 8.0 12S 13.5 13.0 16.6 19.5 17 
154.0 192.5 148.0 182.5 213.5 187.5 222.5 239.0 18 
78.0 120.0 71.5 110.5 138.5 104.0 130.5 162.0 19 
440 758 510 764 905 660 790 1015 20 
259 377 263 355 406 390 450 532 21 
159 231 144 211 262 199 248 286 22 
201 291 182 285 329 203 238 281 23 
96 105 98 117 139 112 134 142 24 
187 258 175 283 220 294 326 402 25 
ee eam ee | sete ee nee et ete tele ters sees alc. sieiaisions > oteliein.b cherpisieca'e 63's aie 6c ollie a’ migitiv «8% 26 
804 1071 755 1093 1242 1016 1225 1312 27 
608 863 598 823 960 766 926 1069 28 
391 635 389 615 761 559 701 883 29 
0.0729 0.0736 0.0722 0.0738 0.0731 0.0726 0.0704 0.0737 30 
0.0635 0.0600 0.0636 0.0611 0.0581 0.0609 0.0569 0.0566 31 
0.0648 0.0620 0.0648 0.0628 0.0600 0.0628 0.0589 0.0589 32 
233 266 278 300 316 241 257 278 33 
182 208 217 235 247 188 201 217 34 
196 239 231 265 291 179 198 226 35 
68 700 82 900 81 200 92 500 100 900 73 000 80 500 91 200 36 
4450 5140 5260 5810 6055 4585 4740 5370 37 
424.0 230.0 501.0 262.0 164.0 280.5 179.0 136.0 38 
332.0 180.0 392.0 205.0 128.0 219.0 140.0 106.0 39 
250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 40 
124.0 96.0 124.0 107.0 107.0 124.0 113.5 79.0 41 
103.1 page 103.2 83.8 83.8 103.0 91.2 51.9 42 
146.9 178.7 146.8 166.2 166.2 147.0 158.8 198.1 43 
10.48 22.33 10.48 22.15 36.9 16.33 26.47 39.62 44 
3.64 7.75 3.64 7.70 12.81 5.67 9.20 13.75 45 
134 200 285 500 134 100 283 000 472 000 208 800 338 500 506 500 46 
83 300 148 000 90 300 154 000 201 200 114 500 148 500 208 600 47 
64 600 116 000 70 000 123 500 163 500 88 000 115 000 167 000 48 
62.1 51.8 67.3 54.4 42.6 54.8 43.9 41.2 49 
15.3 17.2 14.8 16.8 15.6 16.5 16.3 -16.3 50 
4.2 2.3 4.7 2.7 3.9 3.0 3.2 3.2 51 
12.28 11.38 12.71 11.5 12.32 11.42 11.72 12.1 52 
1577 2327 1848 2409 2970 2127 2491 3177 53 
3270 3840 2332 3421 4370 3660 4680 4343 54 
12.4 18.2 14.5 18.8 23.2 16.6 19.5 24.8 55 
25.5 30.0 18.2 26.8 34.2 28.6 36.6 34.0 56 


*Tests 32-36, with various arrangements of large fan in recirculating duct. 
Tests 30-32, complete combustion not obtained; see Table 2-A. : 
Test 37, test of register grille effect, complete combustion data not obtained, see Table 2-A. 


Tests 36-38, complete combustion data not obtained, see Table 2-A. 


Tests 39-45, unlined 54-in, casing. 
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TABLE 2 (CONTINUED) 
DATA AND RESULTS OF TESTS ON PIPED FURNACE PLANT 
Item Test Data and Results* 
No. 
1 42 43 44 48 49 50 51 
2 2-27-22 | 3-2-22 3-6-22 | 3-13-22 | 3-14-22 | 3-16-22 | 3-17-22 
3 15.0 6.0 5.0 15.0 9.0 6.0 5.0 
4 29.60 29.60 29.05 29.46 29.38 29.73 29.64 
iB Anthr. Anthr. Anthr. Anthr Anthr. Anthr. Anthr 
6 12 790 12 790 12 790 12 790 12 790 12 790 12 790 
7 10 780 9800 9280 11 150 10 880 10 300 9320 
8 0.055 0 135 0.196 0.040 D077 |}. sche ae. 2 Aone 
eal | SME | Sree Perne ae accent HR i faoe | SEA os ee 0.059 0.131 0.07 
10 73.0 75.0 84.0 81.0 77.0 79.0 79.0 82.0 
11 73.0 79.5 87.0 84.5 77.5 80.5 80.5 84.5 
12 79.0 86.0 94.0 88.0 85.0 87.0 87.0 90.0 
13 137.0 193.0 215.5 144.0 163.0 188.5 208.5 200.5 
14 64.0 i13.5 128.5 59.5 85.5 108.9 128.0 116.0 
15 129.0 178.5 193.5 124.5 150.5 173.0 193.0 181.0 
16 141.0 200.0 224.0 147.0 167.5 195.0 216.5 207.5 
17 10.0 17.0 19.0 9.0 13.5 16.5 19.0 18.0 
18 151.0 217.0 243.0 156.0 181.0 211.5 235.5 225.5 
19 78.0 137.5 156.0 71.5 103.5 131.0 155.0 141.0 
20 462 843 935 455 650 807 930 870 
21 270 459 479 271 363 447 513 422 
22 150 244 272 177 187 230 264 250 
23 143 237 278 148 178 224 265 219 
24 89 124 147 102 106 128 141 131 
25 236 341 377 225 424 295 355: 275 
BE. Weeic ccoroneleswiclieuw sie-ooid g a \eleGre caterer Ue touctsu due ushaccl Ste areee eee ret aes hee ene ae ee 630 
27 835 1173 1366 905 1037 1216 1349 1228 
28 617 976 1056 561 mae 923 1024 931 
29 416 766 857 384 584 759 840 781 
30 0.0736 0.0727 0.0704 0.0717 0.0725 0.0729 0.0726 0.0714 
31 0.0642 0.0579 0.0548 0.0634 0.0607 0.0587 0.0564 0.0567 
32 0.0656 0.0600 0.0570 0.0647 0.0625 0.0608 0.0588 0.0589 
33 209 260 266 202 245 253 275 256 
34 163 203 208 158 191 198 215 200 
35 149 203 213 122 156 167 188 283 
36 61 300 82 500 86 000 58 700 74 400 79 500 89 000 81 200 
37 4020 4950 4900 3800 4650 4830 5230 4780 
38 424.0 173.0 134.0 451.0 303.0 183.0 143.0 180.0 
39 331.0 135.0 105.0 353.0 237.0 143.0 112.0 141.0 
40 250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 
41 128.0 102.0 92.0 142.0 131.5 114.0 92.5 113.5 
42 107.7 78.1 66.7 123.6 Tally 91.8 67.3 91.2 
43 142.3 171.9 183.3 126.4 138.3 158.2 182.7 158.8 
44 9.50 28.65 36.66 8.44 15.37 26.35 36.55 26 .50 
45 3.29 9.95 1272 2.95 5.34 9.15 12.69 9.20 
46 121 300 | 366500 | 469000 | 107700 | 196500 | 337500 | 467000 | 338 500 
47 75 200 | 163.500 | 183 500 65 200 | 115500 | 152000 | 194500 | 161 800 
48 57000 | 129000 | 145 300 49 700 89 800 | 119500 | 154500 | 127 400 
49 62.0 44.6 39.2 60.6 58.8 45.0 41.6 47.8 
50 14.1 16.1 14.3 14.2 16.6 15.5 15.9 15.3 
51 5.4 3.4 5.2 5.3 2.9 4.0 3.6 4.2 
52 13.16 12.03 13.58 12.75 11.24 12.3 12.28 12.46 
53 1750 2708 3241 1727 2116 2674 2982 2892 
54 3110 4372 4534 3313 3154 4356 4488 3783 
55 13.7 12 25.3 13.5 16.6 20.9 23.3 22.6 
56 24.3 34.2 35.4 25.9 24.6 34.1 35.1 29.6 


*Tests 46-51, unlined 56-in. casing. 
Test 46, not listed account of dampers accidentally closed. 
Tests 45 and 47, complete combustion data not obtained; see Table 2-A. 
Tests 52-56, unlined 50-in. casing. 
Tests 52 and 60, incomplete combustion data; see Table 2-A. 
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TaBLE 2 (CONTINUED) 
_ Data AND RESULTS oF TESTS ON PIPED FuRNACE PLANT 


Test Data and Results* Item 

No. 

54 55 | 56 57 . 58 59 61 62 1 
3-29-22 | 3-30-22 | 3-31-22 | 4-11-22 | 4-12-22 | 4-13-22 | 5-2-22 5-4-22 2 
14.0 TOS a eer S00 P00 15.0 15.0 9.0 3 
29.52 29.15 | 29.10 28.70 29.20 29.15 29.50 29.20 4 
Anthr. Anthr | Anthr. Anthr. Anthr Anthr Anthr. Anthr 5 
12 790 12790 | 12 790 | 12 790 12 790 12 790 12 790 12 790 6 
10 170 11100 | 9170 | 9 610 10 700 10 700 10 950 11 020 7 
0.059 0.075 0.190 0.153 ) 0.072 0.056 0.070 0.063 8 
0.01 0.933 | 0.150 0.145 | 0.025 CLOTS [es ei Fe ep a ae 9 
73.0 77.0 73.0 76.0 79.0 81.0 86.0 90.0 10 
75.0 W653) [7259 |e 79.5 82.0 83.0 87.0 91.0 11 
80.0 84.0 | 91:0 | 88.0 85.0 87.0 92.0 100.0 12 
151.5 164.5 | 212.0 218.0 | 173.0 150.0 152.5 179.5 13 
76.5 88.0. | 139.5 | 138.5 91.0 67.0 65.5 88.5 || 14 
141.5 153.0 204.5 203.5 | 156.0 132.0 130.5 153.5 15 
155.5 170.0 | 221.0 ) DOTS ot) IS. 0 153.0 156.0 184.5 16 

Sa aah IES L 

12.0 14200 1-20.59). 20:0 V= 14-0 10.5 10.0 14.0 17 
167.5 184.0 | 241.5 | 247.5 192.0 163.5 166.0 198.5 18 
92.5 107.5 | 169.0 | 168.0 110.0 80.5 79..0 107.5 19 
545 633 | 1050 | 996 637 473 450 557 20 
307 339 481 536 405 305 257 B17) aaa 
178 196 284 297 228 179 172 203 «=—«||:«22 
154 171 250 160 131 117 144 174 +‘|| 23 
97 106 143 147 113 105 110 122 | 24 
220 246 | 326 291 252 197 169 204 «|| 25 
534 yee rf ea refi 647 536 445 559 ~—| (26 
944 1065 1321 | ©1201 1008 821 785 951 27 
694 749 1075 1038 762 593 578 722 28 
489 574 922 883 602 419 363 513 29 
0.0731 0.0719 0.0724 0.0705 0.0714 0.0712 0.0714 0.0702 | 30 
0.0623 0.0600 0.0550 0.0538 0.0593 0.0620 0.0624 0.0587 | 31 
0.0640 0.0618 0.0574 0.0561 0.0611 0.0633 0.0638 0.0605 | 32 
223 238 271 274 242 218 212 POE Be 
174 186 212 214 189 170 165 189 || 34 
229 250 314 191 155 133 129 154 35 
66 400 72 400 89 600 90 300 | 74 000 64 200 62 100 73 600 36 
4250 4475 5140 5065 | 4520 4060 3960 4450 37 
367.0 246.0 139.0 143.5 279.0 418.0 439.0 302.0 38 
287.0 217.0 108.0 112.0 | 218.0 327.0 343.0 236.0 39 
250.0 250.0 250.0 250.0 | 250.0 250.0 250.0 250.0 | 40 
110.5 139.5 90.0 98.0 125.0 125.0 134.0 136.5 | 41 
87.8 121.0 64.4 73.5 104.3 104.3 114.6 11725 || 42 
162.2 129.0 185.6 176.5 145.7 145.7 135.4 Teil yee 
11.60 16.13 37.12 35.30 16.26 9.71 9.03 14.72 | 44 
4.02 5.60 12.90 12.25 5.62 3.37 3.14 5.11 || 45 
148 000 | 206200 | 475000 | 451000 | 207000 | 124200 | 115500 | 188400 | 46 
94400 | 115400 | 208300 | 204400 | 119 400 78 400 75.100 | 114900 || 47 
73 000 89 200 | 165800 | 162400 93 400 60 400 67 500 89 200 | 48 
63.7 56.0 43.9 45.3 57.7 63.1 65.0 61.0 | 49 
14.8 15.7 16.0 16.4 17.0 14.3 14.8 "15.6 || 50 
4.7 3.8 3.5 3.1 2.5 5.2 4.7 3°90) Me eb 
12.89 shaterd 12.25 11.87 11.1 13.05 12.45 11.8 | 52 
1930 2167 3352 3118 2024. 1734 1628 1897 || 53 
2710 3458 3818 3882 3386 2976 2842 3093 «|| «54 
15.1 17.0 26.2 24.4 15.8 13.6 12.8 14.8 | 55 
Diao 27.0 29.9 30.3 26.5 23.3 22.2 24.2 || 56 


*Tests 57-60, with corrugated tin and asbestos-paper lining, in 56-in. casing. 
Tests 61-63, lined 56 in., 1 in. air space casing. 
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TABLE 2 (CONTINUED) 
-DATA AND RESULTS OF TESTS ON PIPED FURNACE PLANT 


Item Test Data and Results* 
No. 
1 63 64 65 66 68 69 70 
2 5-5-22 5-17-22 | 5-18-22 | 5-19-22 5-24-22 | 5-25-22 5-26-22 
3 6.0 14.0 6.0 9.0 9.0 14.0 5.0 
4 29.15 29.13 28.90 29.10 29.47 29.35 29.37 
5 Anthr. Anthr Anthr. Anthr. Anthr Anthr Anthr. 
6 12 790 12 790 12 790 12 790 12 790 12 790 12 790 
i 10 710 10 770 10 410 10 810 11 040 10 490 10 660 
8 0.100 0.046 0.115 0.072 0.067 0.055 0.133 
OPT Wexetorss sthastaxd ci eyekeriene tise Re Pa OG OAC Ore CA So bo crs trse Malena on ss , 
10 92.0 83.0 79.0 77.0 85.0 81.5 80.0 86.5 : 
il 93.0 84.0 81.0 79.0 88.0 82.5 83.0 86.5 2 
12 106.0 92.0 95.0 90.0 94.0 87.0 88.0 93.0 
13 208.0 159.5 204.0 169.0 179.5 162.0 209.5 219.5 
14 115.0 15.0 123.0 90.0 91.5 79.5 -126.5 133.0 
15 180.0 140.5 188.0 155.0 156.5 144.5 191.5 198.0 
16 214.5 164.0 212.5 175.0 186.5 k 168.0 220.0 229.5 
4 eee 
17 ii | 12.0 18.5 14.0 5.5 |] 425) 7.0 7.0 
18 232.0 | 176.0 231.0 189.0 192.0 TZ 227.0 236.5 
19 189.0 92.0 150.0 110.0 ; 104.0 | 90.0 144.0 150.0 
20 774 | 464 827 654 580 | 488 804 857 
21 379 Siren exatarakel ete felons letaeys | cust given tHe e- acche ajalte ae.a a ibjellleteeiene cassie i Ome ene Sia anerel eee eae ae 
22 JAS aa Samet inc, otal cinerea ROR nMPnn rc etotaetcr: es eCMOCROE Mai Sao. 
23 207 152 196 161 163 149 206 211 
24 136 108 122 108 114 | 107 122 131 
/ 
25 253 136 | 162 157 152 155 | 165 165 
26 664 | 543 602 | 576 | 582 510 | 661 645 
27 1181 817 1085 972 931 | 844 1219 1155 
28 861 620 | 877 718 710 | 633 896 905 
29 679 421 685 526 509 424 705 727 
30 : : 


31 0.0558 0.0607 | 0.0554 0.0594 0.0599 0.0615 0.0566 0.0562 

32 0.0578 0.0623 0.0577 | 0.0613 0.0611 | 0.0625 0.0581 0.0576 

33 264 227 279 249 242 230 | 269 269 

34 206 177 218 194 } 189 180 211 210 - 
35 175 141 190 | 159 153 143 182 182 = 
36 83 400 67650 | 89700 | 76100 | 74 100 69 200 87 500 87 500 

37 4820 4215 | 5175 4665 4525 | 4320 5080 5040 

38 | _ 200.0 415.0 | 200.0 298.0 310.0 396.0 173.0 162.0 

39 157.0 324.0 157.0 | 283.5 242.0 310.0 135.0 126.5 

40 250.0 250.0 250.0 | 250.0 250.0 250.0 250.0 250.0 

41 126.0 128.0 117.0 | 129.5 137.5 119.0 124.0 116.0 

42 105.4 107.6 | 95.2 109.4 | 118.6 97.5 103.1 94.1 

43 | 144.6 142.4 |. 154.8 | 140.6 | wW8i4 |)" 15245 146.9 155.9 

44 || 24.10 10.17 | 25.80 15.62 | 14.60 | 10.89 29.38 31.18 
45 || 8.37. | 3.53 8.96 | 5.43 | 5.07 | 3.78 10.20 10.83 


46 308 000 | 130100 | 330000 199 800 | 186 800 139 400 376 000 399 000 
47 | 160800 | 93 100 | 186200 | 123 000 113 000 93 400 175 500 181 500 
48 | 127 300 71300 | 146500 | 95100 | 94000 77 300 148 100 154 800 


49 52.2 71.5 | 656.5 61.6 GONG: >| 567.0) 9 iy Fan 45.5 
SO aor: 16.0) >| ose sy CGS eon 16.4 15.7 15.9 
a 4 Sean} aly S580 | 2.9 29 3.1 3.8 3.6 
D2) i 166 11769) 24 11.25 BE elie Hb hatste) 11.97 11.96 
53 || 2474 | 1689 | 2921 | 2267 2029 | 1732 2844 2968 
64 | 3636 | 1971 | 2639 | 2648 3011 2478 | 3976 | 4002 
55 || 19.4 13.1) 422.8 Nf a76 15.9 13.6 22.2 23.2 
56 28.4 15.4 | 20.7 20.7 i 28.5 19.4 31.1 31.3 
i i 


*Tests 64-67, with insulated furnace. 
Tests 68-73, with insulated furnace and leader pipes. : 
Test 67, complete combustion data not obtained; see Table 2-A. 
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TABLE: 2 (CONTINUED) 
, DaTA AND RESULTS OF TESTS ON Pirep FurRNACE PLANT 


Test Data and Results* i 

72 73 74 75 76 17 78 79 1 
5-29-22 | 5-30-22 | 10-27-22 | 10-30-22 | 10-31-22 | 11-10-22 | 11-13-22 | 11-16-22 | 9 
8.0 7.0 11.5 6.5 8.5 7.5 7.0 13.0 3 
29.53 29.40 29.30 29.45 29.45 29.70 29.55 29.65 4 
Anthr Anthr Anthr Anthr. | Anthr Anthr Anthr Anthr 5 
12 790 12 790 12 790 12 790 12 790 12 790 12 790 12 790 6 
10 380 10 100 9740 9590 9580 9170 8860 9710 7 
0.080 DADEDS | cs nt abe d ee URN |e aut oot ae eet 1 i rnd ana a an eae 8 
ete ee 0.028 0.080 0.046 0.072 0.082 0.014 9 
86.0 84.0 | 87.0 94.0 92.0 80.0 86.0 78.0 10 
84.0 82.0 89.0 94.5 92.5 82.0 89.5 80.0 11 
92.0 93.0 97.0 106.0 104.0 93.0 94.0 85.0 12 
191.5 198.5 | 180.0 | 216.0 | 196.5 203.0 217.0 169.5 13 
107.5 116.5 91.0 | 121.5 | 104.0 121.0 127.5 89.5 14 
172.5 181.5 156.0 | 186.5 | 169.0 186.0 192.5 154.5 15 
200.0 207.5 185.5 | 223.5 | 203.0 210.0 224.5 174.0 16 

SEE 

6.0 aN a a a) ee 15.5 16.0 12.5 17 
206.0 214.0 198.0 238.5 | 216.5 225.5 240.5 186.5 18 
122.0 132.0 | 109.0 | 144.0 124.0 143.5 151.0 106.5 19 
654 688 594 825 695 758 868 575 20 
Be ce 5289) 5 |) 344" S| eas 296 307 240 21 
pte boone eae ae 243 ais. | Bas 330 334 248 22 
180 191 174 227 | 208 144 153 116 23 
118 124 122 TAGE} ANS 119 128 102 =| ‘24 
Ss . = 

156 163 191 235 | 230 179 193 159 25 
516 495 424 496 | 438 406 452 372 26 
1049 =: 1100 914 1132 1022 1079 1179 905 27 
787. | 857 755 | 884 | 820 872 928 704 28 
571 637 510 657 582 629 687 456 29 
0.0720 | 0.0720 | 0.0708 | 0.0703 | 0.0706 | 0.0726 | 0.0713 | 0.0728 | 30 
0.0588 | 0.0578 | 0.0589 | 0.0557 | 0.0576 | 0.0575 | 0.0560 | 0.0608 | 31 
0.0602 | 0.0592 | 0.0607 | 0.0577 | 0.0594 | 0.0594 | 0.0579 | 0.0624 || 32 
255 260 235 260 | 245 260 | 263 229 33 
199 203 183 203 | 192 | 203 206 179 34 
16606] ~=«(173 206 240 | 221 | 240 244 200 35 
79900 | 83100 | 71600 82850 | 76400 | 83300 | 84600 | 69800 | 36 
4810 4920 4350 4780 4540 4950 4900 4360 37 
247.0 210.0 288.0 176.0 218.0 200.0 179.0 325.0 38 
193.0 164.5 225.0 137.0 170.0 157.0 140.0 255.0 39 
250.0 250.0 250.0 250.0 250.0 250.0 250.0 250.0 40 
116.0 109.0 100.5 7a) 29758 1 980.00 || 8550 100.0 41 
94.1 86.1 76.4 | 73.0 Foie | edie) 058.2 75.8 42 
155.9 163.9 1srend 17708 | 17722. | 185.6. || 191.3. | 174.2 43 
19.49 SpA Te Men aci0U me 272 22) ee201S4 |e 24.74 27.33 13.40 || 44 
6277. je 8.138 Bo eee 45) Nee 22 9 8.598 9.60)" ) ©) 4°65 45 
249000 | 299400 | 193200 | 348500 | 267000 316.500 | 350000 | 171400 | 46 
140 750 | 155900 | 114000 | 165200 | 135100 | 170500 | 177500 | 111500 | 47 
118 300 | 131600 | 89800 | 133600 | 107800 | 137700 | 144000 | 88.500 || 48 
56.7 52.1 59.3 47.4 50.6 53.9 50.7 65.0 49 
16.5 15.9 17.0 16.7 17.0 16.7 16.5 17.2 50 
3.0 3.6 ce a eee ee ee ee A) 3.0 2.3 51 
11.56 12.24 11.45 siya Wie “atlas 11.75 11.95 11.35 | 52 
2243 2444 1838 2519 2114 2351 | 2681 1796 «|| 53 
3297 3680 3372 4211 4206 3539 3629 2674 | 5 
17.5 19.1 14.4 197 4) al6cd ie4 ) 721.0 9) 14.1 | 55 
25.8 28.8 26.3 32.9 32.9 27.7 | 28.3 | 20.9 | 56 


*Tests 74-76, lined 52-in, casing. ae . : ‘ 
Tests 77-80, lined 52-in. casing, and radiation shield with apron 6 in. below grate level. 
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TaBLE 2 (CONTINUED) 
DaTA AND RESULTS oF TESTS ON PIPED FuRNACE PLANT 


SS = = = = — 


Item Test Data and Results* 
No. 
1 80 a1.) wee 35 | 86 87 88 . 
2 | 11-24-22 | 11-28-22 | 12-1-22 | 12-20-22 12-27-22 | 1-2-23 | 1-4-23 | 1-5-23 
3 9.0 11.0 5.0 7.0 11.0 9.0 7.0 5.5 
4 | 29.5 29.5 29.55 | 29.30 29.12 | 20.18 | 29.25 29.45 
5 Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. Anthr. e 
6 | 12790 | 12790 | 12790 | 12790 | 12790 | 12790 | 12790 | 12790 ‘ 
7 | 10300 | 10000 8670 9850 9640 9900 10 030 9450 : 
OR ep eerrcatin ae caine eh lmrmeaver itl Loa ace oeceseeecleceseteseelereeteeetleceeneeees 
9 0.044 0.033; 0.148; 9.070, 0.025] 0.038} 0.081 0.123 
10 70.0 77.0 83.0 71.0 69.0 79.0 79.0 78.0 
1 69.0 79.0 83.5 73.0 69.0 79.0 80.0 79.0 
12 79.0 86.0 94.0 78.0 74.0 83.0 | 84.0 84.0 
13 || 169.5 173.0 | 234.0 188.5 166.0 184.5 200.5 213.5 
14 || 100.5 94.0 | 150.5 115.5 97.0 105.5 120.5 134.5 
15 || 165.5 159.0 | 215.5 180.5 162.0 170.5 185.5 199.5 
16 || 174.5 179.0 | 243.0 196.0 171.0 | 190.0 | 208.0 221.0 
17 13.5 13.0 17.5 16.5 14.5 16.5 17.0 18.0 
1s | 188.0 192.0 | 260.5 | 212.5 185.5 | 206.5 | 225.0 239.0 
19 | 119.0 113.0 177.0 139.5 116.5 127.5 145.0 160.0 
20 645 594 1022 sez | 631 710 815 923 
21 241 264 345 313 Brit, ones sis) i hase 
22 265 260 385 217 | —:190 216 239 365 
23 11 123 169 ist |. 450 174 189 =| 228 
24 97 107 145 ly eae slg 131 135 
25 | 152 im, opie 215 | 195 204 221 252 
26 386 414 478 440 434 ry eam Me ec oe 477 
27 953 967 1290 1089 | 971 $018... eens 1202 
23 | 789 742 1031 893 775 Sh Sige 962 
29 | 556 488 787 | 663 522 593 eens 733 


33 245 238 278 253 245 246 259 269 

34 191 186 217 198 191 192 202 211 = 
35 PRs = 210 269 234 218 222 240 255 i 
36 | 76 200 73 300 93 000 80 800 76 000 76 800 82 800 88 000 

37 || 4730 | 4520 5235 4830 4680 4610 4860 5100 

38 269.0 297.0 | 135.0 198.0 | 293.0 245.0 205.0 156.0 

39 211.0 232.0 | 105.0 155.0 229.0 191.0 160.0 122.0 

40 250.0 250.0 250.0 250.0 250.0 | 250.0 250.0 250.0 

41 || 114.0 106.0 82.5 103.0 98.5 104.0 107.0 95.0 

42 91.8 82.7 55.8 79.2 74.2 80.4 83.8 70.1 

43 158.2 167.3 194.2 170.8 175.8 169.6 166.2 179.9 

44 || 17.58 15,21 38.84 24.4 15.98 18.84 23.74 32.70 

45 6.10 | 5.28 13.48 8.48 5.56 6.54 | 8.24 11.35 


46 224 500 194 500 497 000 312 000 204 500 241 000 303 500 418 500 
47 || 135000 122 500 222 300 161 600 130 800 141 000 169 000 196 000 
48 108 500 96 600 182 900 128 000 103 400 111 000 134 800 158 500 


49 60.1 63.0 44.8 51.8 64.0 58.5 55.7 46.8 
50 | 17.2 17.3 16.0 16.0 LOnt 17.0 16.0 16.9 
51 2.3 2.2 3.5 3.5 2.8 2.5 3.5 2.6 
52 11.15 11.2 12.32 12.08 11.68 11.4 12.03 11.57 
53 2041 1852 3231 2788 2023 2202 2625 2826 
54. 3069 2878 3829 3382 2587 3108 3045 3979 
55 15.9 14.5 25.3 21.8 15.8 17.2 20.5 22.1 
56 24.0 22.5 29.9 26.4 20.2 24.3 23.8 31.1 


#Tests 81-83, same with radiation shield to grate level only. 
Tests 84-89, straight bonnet with side outlets. 
Tests 83-84, complete combustion data not obtained; see Table 2—A. 
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TABLE 2 (ConTINUED) 


DATA AND RESULTS OF TESTS ON PIPED FuRNACE PLANT 


i. 6 ee 


Test Data and Results* 


93 


0.0592 | 0.0569 | 0.0568 | 0.0598 | 0.0573 | 0.0583 | 0.0596 | 0.0566 | 31 
0.0612 | 0.0592 0.0592 | 0.0618 | 0.0595 | 0.0604 | 0.0616 | 0.0588 | 32 
| } ; i} 
249 255 25pi yh 220) ber. | 242° «|, 228 267 =—||_:«33 
194 199 199 179 | 200 189 178 209. || 34 
227 241 240 203 239 218 243 306 =| 35 
78 800 83 000 82400 | 70200 82300 | 75300 70 200 87 700 36 
4820 4910 4880 | 4340 | 4900 | 4550 | 4325 5160 || 37 
245.0 150.0 177.0 | 301.0. | 165-5 | 244.0 279.0 160.0 | 38 
192.0 117.0 139.0 | 235.0 | 130.0) | 191.0 218.0 125.0 || 39 
250.0 250.0 250.0 25020; || 250.0 | 25020 250.0 250.0 | 40 
757 SiO 96.0 | 101.0 | 97.0 89.0 | 103.0 97.5 || 41 
73.0) | 54.2 71.3 | TO 788 63:3 | 79.2 73.0 || 42 
720m) 195-8 A780 |) 173-0 | L267 i) 1867 170.8 177.0 || 48 
19.66 | 32.63 27.50 | 14.42 | 29.60 | . 18.67 15.53 32.18 || 44 
6.83 | 11.32 O55 i o00 ik 10-27 6.48 5.39 11717 || 45 
251500 | 417500 | 351500 | 184400 378000 | 238800 | 198500 | 411000 | 46 
151500 | 183900 | 178000 | 117600 | 174000 | 137100 | 120400 | 202000 | 47 
120 200 | 147200 | 141100 | 91200 138200 | 107000 | 94000 | 162000 | 48 
J. |. | |——_— — 

60.2 | 44.0 | 50.6 | 63.8 46.0 | 57.4 60.7 49.1 49 
zeae 15.7 16.7 ete tocse ie Tet (37 16.6 50 
1.8 3.8 2.8 eae eee Si med N18 2.9 | 51 
11.1 12.56 107 11.39 | 12.68 digo e It wall 0 ila ae 52 
2070 | 2990 \762 | 1981 | ~2797 | 2043 | 1996 2919 | 53 
- 3020 | 4170 3558 | 2649 Ag3 | 3407 | 3034 3591 54 
10% f 28.4 | 221.6 15.5 21.8 16.0 15.6 22.8 55 
SS Omens 2e0-5 We 127.8 20.7 | 32.2 | 26.6 23.7 28.1 | 56 


*Tests 90-93, straight cylindrical bonnet with top outlets. 


Tests 94-95, lining with 2-in. air space, casing 52 in. 


Tests 96-97, lined 50-in. casing, 1-in. air space. 
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TABLE 2 (CONTINUED) 
DATA AND RESULTS OF TESTS ON PIPED FURNACE PLANT 


— = = 


poe Test Data and Results* 
1 98 99 100 101 102 103 104 105 
2 2-28-23 3-5-23 3-8-23 3-12-23 3-26-23 3-28-23 3-30-23 4-2-23 
3 36.5 34.0 36.0 36.0 5.5 5.5 7.06 ria 
4 29.26 29.18 29.41 29.09 29.70 29.80 29.55 29.33 
5 Bitum, Bitum Bitum Bitum. Anthr Anthr Anthr Anthr. 
6 11 687 11 687 11 687 11 687 12 790 12 790 12 790 12 790 
7 799 886 1106 834 9000 8500 9320 9950 ; 
a | ro el Cee ce Creare es Cae pee ee a ee ei org i be a 

— 5 
9 0.008 0.035 0.016 0.017 0.079 0.128 0.050 0.052 
10 76.0 79.0 17.0 75.0 69.0 71.0 63.0 77.0 
aks 76.5 79.5 7920) 1 vaL0 71.0 72.0 64.0 79.0 
12 82.0 89.0 86.0 84.0 77.0 83.0 TL. 0 85.0 
He} 154.5 195.5 170.0 167.0 180.5 202.0 156.5 171.0 
14 78.0 116.0 91.0 92.0 109.5 130.0 92.5 92.0 
15 143.0 181.0 156.0 157.0 174.5 195.0 157-5 157.0 
16 160.0 204.0 176.5 173.6 190.5 215.5 163.0 178.5 
17 12.5 16.5 14.0 14.0 17.5 19.5 15.5 15.5 
18 172.5 220.5 190.5 187.5 208.0 235.0 178.5 194.0 
19 96.0 141.0 111.5 112.5 137.0 163.0 114.5 115.0 
20 §24 875 636 625 646 839 557 532 
21 249 365 291 291 | 304 | 365 271 303 
22 225 345 263 252 262 | 331 / 227 251 
23 154 215 173 | 171 139 | 165 | 117 135 
24 98 112 103 | 100 | 92 | 106 87 101 
| 

25 110 108 111 116 177 Noe 180 177 
26 245 203 242 | 252 403 | 363 351 394 
27 «| 793 750 772 873 758 819 673 688 
28 || 702 940 816 781 | 1010 1184 881 861 
29 | 426 634 500 486 712 876 612 583 
30 0.0722 0.0716 0.0724 0.0720 | 0.0741 | 0.0742 0.0747 0..0722 
31 0.0613 0.0568 0.0599 0.0595 0.0589 0.0568 0.0613 0.0595 
32 0.0631 0.0590 0.0619 0.0615 | 0.0614 0.0596 0.0635 0.0616 
3a 220 257 | 231 | 238 | 248 | 262 241 231 
34 i 172 | 201 | 181 186 194 | 205 189 180 
35 || 189 237 | 204 210 179 | 197 169 161 _ 
36 || 65900 81 900 70700 | 72800 78 500 85 600 74 300 70 800 Sy 
37 4160 4830 4380 | 4480 4820 5100 4720 4360 
38 | 298.0 174.08 |) 22530) | 2060" |) 23520 178.0 304.0 302.0 
39 || 255.0 149.0 | 1938.0 UVLO" | -AWSBLOw 1" ASOKO 238.0 236.0 
40 | 514.0 950.5 708.0 | 789.5 | 150.0 | 200.0 | 150.0 150.0 

Ss |e | Peers. ee SS 
41 |} 62.5 103.5 85.0 96.5 52.5 64.0 55.5 63.0 
42 4.3 7.9 S.0) | f (ea 36.9 | 42.4 | 40.4 48.9 
43 509.7 | 942.6 COOLOM I 7S2 ore ard ta ae Sse ges 109.6 101.1 
44 | 13.98 | 27.73.) °19.44 | 21.72 | 20.68 | 28.66 | 15.53 14.45! 
45 || 4.85 | 9.63 | 6.75 | 055 | 8.33 11.60 6.29 5.85 
46 || 163 300 324000 | 227500 | 254 009 263 OO 867 000 | 198 500 184 600 
47 || 95800 | 163 500 117 100 | 121000 | 158 500 199 500 | 129 600 120 300 
48 || 72900 | 128 600 | 90400 | 93600 | 120800 153000 | 99100 91 000 
sl | | | a : 
49 | 58.6 50.4 61.5 ata 60.3 54.4 65.3 65.1 
50 | 14.8 | 14.9 | 15.2 | 13.9 13.3 9.00 Winn eatery | 12.0 
$1 4.7 4.6 4.3 | 5.6 6.2 10.5 NHiPitenay koe ee | (fe 
52 || yO 11.05 | 10.83 11.8 14.6 29:33; lan Sem cntes. | 15.8 
53 1779 2767 | 2063 2164 2439 4366) be vatore eal 2175 
54 3068 3030 | 3604 3963 2641 TAGS hie Beemer 2285 
55 Nu? 23.7 Tt 18.5 1 Goncoe s  om R S 1720 
56 | 26.2 25.9 30.8 33.9 20.6 DEE ON Ss Secreto 17.9 


Test 102, first test on steel furnace, 102-106 tests with 54-in. casing and 1-in. air space lining. . 
Test 104, flue gas data incomplete on account of failure of apparatus. 


TABLE 2 (CoNTINUED) 
DATA AND RESULTS oF TESTS ON PIPED FuRNACE PLANT 


Test Data and Results* 
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0.0624 0.0587 | 0.0608 0.0590 31 
0.0643 0.0607 0.0624 | 0.0607 0.0586 | 0.0618 0.0593 0.0576 || 32 
209 251 | SET Il) PRET 251 | 224 237 248 | 33 
163 196 173 179 196 175 185 194 34 
138 216 180 191 217 205 225 240 || 35 
61 500 79 600 | 66 600 70 500 79 800 68 400 74 400 79400 | 36 
3960 4830 4160 4280 4680 | 4230 4410 4570 || 37 
413.0 20. Omie SLi .0) tee 200.0 193.0 293.0 215.0 196.0 || 38 
323.0 172.0 | 248.0 | 208.0 151.0 229.0 168.0 153.0 || 39 
150.0 150.0 150.0 | 150.0 150.0 150.0 150.0 150.0 ||- 40 
76.0 55.3 71.0 60.0 66.5 63.0 61.5 59.5 | 41 
63.8 40.1 58.0. | 45.5 52:9 | §48.9 47.2 44.9 || 42 
86.2 109.9 | 92.0 | 104.5 97.1 101.1 102.8 105.1 43 
9.58 1-98. 134 4 16°08 24.28 14.45 20.56 23.34 44 
3.88 8.90 5.32 | 6.51 9.83 5.85 8.33 9-44 || 45 
122500 | 281000 | 168000 , 205500 310500 | 184600 | 263000 | 298 500 46 
80 800 | 155 300 97800 | 117100 | 160000 | 111000 | 140700 | 165 500 47 
58 500 | 124000 | 76400 | 92500 | 127500 84200 | 109000 | 128 200 48 
65.9 55.3 58.2. | 57.0 SIG wll 60.2 53.5 55.4 || 49 
10.5 Tt GO) te 11-2 42:50. 4 i 11.4 Bina) 50 
9.0 | 8.4 9.6 8.4 7.5 10.8 8.1 8.5 51 
17.5 17.25 18.7 17.13 15.7 22.35 16.65 17.3 52 
1675 3121 | 2418 2543 3015 2621 2812 3012 || 53 
2685 2589 | 2932 | 2957 3175 2469 3138 2698 | 54 
13.1 24.4 GSO 19.9 23.6 20.5 22.0 Rielse | |" bis 
21.0m-}) -20.3 22.9 23 1 24.8 19.3 24.5 21.1 || 56 


L 


*Tests 107-110, steel furnace, lined 52-in. casing. 
Tests 111-115, steel furnace, lined 50-in. casing. 
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TABLE 2 (CONTINUED) 
DATA AND RESULTS oF TESTS ON PipED FURNACE PLANT 


Ttem Test Data and Results* 

No. 
1 114 115 116 117 118 119 120 
2 6-29-23 7-27-23 9-19-23 9-21-23 9-27-23 10-1-23 | 10-29-23 
3 7.0 5.0 8.0 4.0 6.5 4.5 6.0 
4 29.20 29.25 29.45 29.45 29.45 29.50 29.60 
5 Anthr Anthr Anthr. Anthr. Anthr Anthr Anthr. 
6 12 790 12 790 12 790 12 790 12 790 12 790 12 790 
7 9400 9380 10 250 9930 10 380 9540 9550 
ee ee eho cassie tctinte inline fone Wetole (a tseatton eit.e lieve) ateieleraeiminl | Melia se aetna aes Eee cardeetae 
Dis Weccractageteaye ss 0.08 0.025 0.095 0.04 0.099 0.081 

10 78.0 84.0 84.0 82.0 88.0 82.5 78.0 

11 78.0 84.0 86.0 81.5 89.0 83.5 80.5 

12 86.0 94.0 91.0 89.0 95.0 88.0 90.0 

13 170.0 199.0 162.5 205.5 175.0 204.0 194.0 

14 92.0 115.0 76.5 124.0 86.0 120.5 113.5 
15 157.0 180.0 141.5 189.0 151.0 185.5 178.5 
16 176.0 208.5 168.0 219.5 187.0 213.0 202.0 

17 15.5 18.0 14.0 19.0 15.0 18.5 16.0 
18 191.5 226.5 182.0 238.5 197.0 231.5 218.0 
19 113.5 142.5 96.0 157.0 108.0 148.0 \ 13725 

20 550 678 477 776 584 789 876 

21 372 341 308 | 417 341 427 378 

22 328 333 225 324 | 258 327 295 

23 161 170 130 166 | 145 161 208 

24 118 UL 104 120 | 115 121 124 

25 168 175 172 232 186 210 205 184 
26 388 355 | 426 414 390 431 471 429 
27 647 708 | 638 745 672 | 730 |} 1250 1059 
28 891 1035 777 1113 | 866 1065 865 795 
29 627 792 517 821 } 606 797 679 552 
30 0.0719 0.0712 0.0714 0.0720 | 0.0710 0.0719 0.0726 0.0724 
31 0.0594 0.0564 0.0606 0.0558 0.0594 0.0565 0.0578 0.0599 
32 0.0614 0.0588 | 0.0626 0.0586 | 0.0614 . 0.0589 0.0600 0.0618 
33 228 245 214 255 224 243 | 254 235 
34 178 | 191 | 167 | 199 } 175 | 190 198 183 e 
35 211 235 | 129 169 137 159 173 154 ~ 
36 70 000 77 700 | 63700 82100 = 67 600 77 800 80500 | 72000 
37 4290 4510 | 3990 4810 4150 | 4580 4830 4450 
38 277.0 210.0 | 333.0 190.0 | 288.0 | 193.0 204.0 274.0 
39 216.0. |) 16470; 15 260.0 148.0 |. 225.075 4) 251.08 eet60r0 214.0 
40 150.0 150.0 | 150.0 150.0 | 150.0 | 150.0 200.0 200.0 
41 56.3 56.25 | 67.5 62.8 | 69.5 | 58.0 77.5 74.0 
42 41.3 41.2 1s 04058 ol S82 | 656.3 43.2 57.8 53.8 
43 108.7 108.8 i 86.05 7 100 53 93.7 106.8 142.2 146.2 ; 
44 155538 3) O20 t6r | 12,0)" 4 25.32 | 14.4 | 23.72 | 23.7 16.24 
45 6.28 8.82.0} 4.86 | 10.25)" 5,885 1 369) 61 oe ecor 6.14 


46 198 500 | 278000 | 153 400 324 000 | 184 100 303 300 303 000 207 500 


47 116 800 156 200 | 92000 181 100 107 500 162 800 159 300 120 000 
48 | 89 500 120 600 | 68 500 137 400 | 80 700 127 000 125 700 92 400. 
= = e See: jh nee. oe 4 | 
| 
49 58.8 56.2 | 60.0 55.9 58.5 53.7 52.5 57.9 
50 | 8.4 LONG ee aL ORO: 13:°2~ My ext. 12.7 14.0 13.6 
51 1d 8.8 | 8.6 658) 7.6 6.82 i 5.5 5.9 
52 22.5 AVs86: o> swale 14.45 | 15.73 15.1 | 13.78 14.2 
53 |) 2970 2982 2081 2896 | 2366 3023 | 3117 | 2934 
54 | 2300 | 2618 3039. | 2744 | 2934 2897 | 2953 | 2446 
55 | 28.2 23.3 | 16.3.9 |.) "2256s al meta 23.6 24.4 23.0 
56 | 18.0 POG il, 22d... ta) Gaede: 23.0) 4 2207 23.40 « TOR 


*Tests 116-119, steel furnace, lined 56-in. casing. 
Test 120, first test on crab radiator cast furnace, and tests 120-124, on 52-in. lined easing. 


ep Bmp hE © yi 9 mele wiles eialim) a wise ee) em 610) (bible wis [b- B18 ayaee p16) 


9.0 
29.80 
Anthr. 
12 790 
9800 


s 


7 


12-i1-23 | 12-14-23 


6.0 
29.95 
Anthr. 
12 790 
9920 


Furnace PLanr 


0. 0.031, 0.063 
79. 81.0 76.0 
80. 82.0 77.0 
87. 90.0 85.0 
151. 171.5 181.5 
71. 89.5 104.5 
136. 154.5 169.5 
156. 178.0 188.5 
12.0 13.0 
190.0 201.5 
108.0 124.5 
732 839 
250 277 
241 274 
187 210 
115 122 
191 210 
394 455 
1005 1176 
758 850 
535 620 
0.0730 | 0.0716 | 0.0718 | 0.0729 | 0.0745 
0.0567 0.0616 | 0.0570 | 0.0608 0.0600 
0.0589 | 0.0632 0.0590 | 0.0626 0.0619 
262 211 263 232 253 
205 165 206 182 198 
= 183 133 202 169 190 
85000 | 62600 | 83900 | 70800 | 79300 
5010 3960 4950 4430 4910 
159.0 367.0 183.0 290.0 218.0 
124.0 287.0 143.0 226.0 170.0 | 
200.0 200.0 200.0 200.0 200.0 
77.5 88.5 83.5 81.5 83.5 
57.8 70.4 | 64.6 62.3 64.6 
142.2 129.6 | 135.4 | 137.7 135.4 
31.6 10.8 | 27.08 15.3 22.57 
11.95 4.09 | 10.25 5.78 8.55 
404.000 | 138000 346000 | 195700 | 288 500 
185700 | 84100 | 165600 | 114700 | 146 700 
148 500 | 63200 | 132500 | 89800 | 117 100 
46.0 60.9 47.8 58.6 50.8 
14.7 11.8 14.1 12.5 13.5 
4.8 a7 5.4 7.0 6.0 
13.16 15.95 13.57 | 15.28 14.15 | 
3542 2502 3269 2855 | 3085 
3368 2498 3401 2435 3205 
27.7 19.6 25.6 22.4 24.1 | 
26.3 19.5 26.6 | 19.0 25.1 


*Tests 125-127, crab radiator furnace, 50-in. lined casing. 
Test 123, omitted on account of bad starting conditions. 
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TABLE 2-A 


DavTA AND RESULTS OF TESTS FOR WHICH COMPLETE COMBUSTION DATA WERE NOT 
OBTAINED, BUT FOR WHICH AIR WEIGHTS AND TEMPERATURES 


WERE MEASURED* 


te! Item and Units Results 
No. 
VP Pest Number. e-wisien aye sista suai ajeusuate te Wi atalere Siarerece ease aay 30 A 380A 30A 
DN ) BtO myers, oreve a clever etiscelsiay sei ave Dirshew ae BRIS SOU GVe sae Geena 1-—7-22 1-7-22 1-7-22 
11 | Temperature of air at inlet register, deg. F..............--- 78.5 79.5 80.5 
13 | Temperature of air at register faces, deg. F...............-. 128.5 160.0 180.0 
14 | Temperature rise of air, inlet to register, deg. F............. 50.0 80.5 99.5 
15 | Equivalent register air temperature above 65 deg. F. inlet...| 115.0 145.5 164.5 
18 | Temperature of air at bonnet, deg. F.........:..--+++-+-e- 137.5 176.0 200.5 
19 | Temperature rise of air, inlet to bonnet, deg. F............. 59.0 96.5 120.0 
37 | Weight of air circulated per hr., Ib..............-..-2+-+6 4160 4700 5050 
47 | Capacity, heat put into air between inlet and bonnet, B. t. u. 
92) Let, RISO aIG GEIR C oiacio Gc Uaioe orc ioe Oxi ae 58 900 108 300 | 145 400 
| 
i 32 A 32 A | 32 A 32 A | 32B | 32B | 36A 36 A 36 A 
—— : . / | —=_=__-< 
2 | 1-13-22 |) 1-13-99 || 1-13-99 | 1-13-22 | 1-13-22 | 1-13-22 | 1-30-22 | 1-30-22 | 1-30-22 
11 WALSO MeO) We te x 73.5 | (7220) |} “72150 7420 Se SO 83.5 
13 138.0 161.5 | 185.0 || 203.0 | 157.5 | 198.0 | 135.5 | 167.0 187.0 
144 | 67.0 | 89.5 112.5 | 129.5 | 86.5 125.5 61.5 | 86.0 | 103.5 
See LeQsO) | 145 a 177s 19425" 4) TS5DI5. |) 19055 126.5 151.0 | 168.5 
18 150.5 177.0 | 203.5 223.5 | 176.5 | 223.5 147.5 | 181.0 204.5 
19 79.5 105.0 | 131.0 150.0 105.5 | 151.0 73.5 100.0 | 121.0 
37 5900 6310 | 6510 6720 4550 5110 5420 | 5180 |; 6050 
47 | 112600 | 159000 | 204 700 | 242000 | 115100 | 185 200 | 95 600 | 124 400 | 175 700 
es —_  . — 
| | | 
il STC Ie OeCe aie SSrey 388b | 38¢ 38d 38e | 38f . 45a 
————— = |. |— << 
2 | 1-81-22 | 1-31-22 | 2-3-22 2-3-22 | 2-3-22 2-3-22 2-3-22 2-3-22 | 3-7-22 
11 85.5 | 86.0 #25) 7420 15.5 76.0 78.0 18.5 4. 79.0 
13 179.0 | 203.5 | 127.5 142.5 | 163.5 175.0) }) 21035 236.5 188.0 
ES) Ai keretige PN Gert ate) 68.5 88.0 99.0 133.5 158.0 109.0 
15 | 158.5 | 182.5 | 120/0 | 133.5 153.0 | 164.0 198.5 | 223.0 174.0 
18 199.0 | 227.8 ) 141.75 158.0 | 182.0 | 196.0 | 236.0 265.5 211.5 
19 | 1138.5 141.0 69.0 84.0 | 106.5 120.0 | 15810 187.0 | 132.5 
37 | 4740 5180 | 3405 | 3845 | 42380 4410 | 4810 5060 4960 
47 | 122 900 | 175 500 | 56400 | 77600 | 108100 | 127000 | 182400 | 227000 | 157 700 
| =a ——_——_—— ——— ae a a 
| | 
1 52a 52b 52c | 52d 60a 60 b | 60 c¢ 60d 60 e 
|__| | | Lane 
2 | 3-25-22 | 3-25-22 | 3-25-22 | 3-25-22 | 4-14-22 | 4-14-22 | 4-14-22 | 4-14-22 | 4-14-22 
11 88.0 91.5 92.5> i. 938.0) t 72e0i 76.5 76.0 76:5 | 74.0 
13 | 131.5 181.5 202.5 221.0 159.5 197.0 209.0 221.0 187.0 
14 43.5 S050) Th TOON ie 280 87.5 | 120.5 133.0 144.5 113.0 
15 108.5 | 155.0 | 175.0 | 193.0 152.5 | 185.5 198.0 209.5 178.0 
18 141.0 201.0 225.5 | 246.5 ViA5 222.5 236.5 250.0 210.5, 
19>) 538-0) 10075 133.0 153.5 105.5 146.0 160.5 173.5 136.5 
37 | 3100 4400 | 4720 4975 4620 5320 5435 | 5630 4900 
47 | 39400 | 115 600 | 150 600 | 183 300 | 117000 | 186 500 | 209 500 | 234 500 | 160 500 


*Tests 30 A, with small fan in recirculating duct, running. 


Tests 32 A, with large fan and inductor, fan outside of recirculating duct, fan running. 
Tests 32 B, same equipment but fan not running. 
Tests 36 A, with large fan and 6-in. discharge pipe extending into duct, no inductor, fan running. 
Tests 38 a-f, inclusive, tests with 52-in. lined casing. 
Tests 45 a, b, c, tests with 54-in. unlined casing. 
Tests 52 a, b, c, d, tests with 50-in. unlined casing. 


Tests 60 a-e, inclusive, tests with corrugated tin and asbestos-paper lining in 56-in. casing. 
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TaBLE 2-A (CONTINUED) 
DaTA AND RESULTS OF TESTS FOR WHICH CoMPLETE CoMBUSTION DATA WERE NOT 
OBTAINED, BUT FOR WHICH AIR WEIGHTS AND TEMPERATURES 
WERE MEASURED* 


= No 


30 A 30 B 30B 30B 30B 3la 31b 3le¢ 31d 1 


1-7-22 | 1-7-22 | 1-7-22| 1-7-22| 1-7-22 | 1-10-22 | 1-10-22 | 1-10-22 | 1-10-22] 2 
80.0 78.5 | 80.0 ; 80.0 81.0 72.0 75.0 76.5 TSO) api 
201.5 124.0 | 156.0 | 175.5 200.0 134.0 151.5 178.0 211.5 | 13 
121.5 45-2 76.0 “95.5. "|' 119.0. |) 62.0 76.5 101.5 133.0 | 14 
186.5 110.5 141.0 | 160.5 184.0 | 127.0 141.5 166.5 198.0 | 15 
225.5 136.0 172.5 | 195.5 | 224.0 | 146.0 | 167.0 197.5 237.5 | 18 
145.5 57.5 92.5 | 115.5 143.0 74.0 | 92.0 121.0 159.0 | 19 
5430 3260 | 4280 | 4490 | 4890 4445 4745 5145 5525 37 


189 000 | 45000 95000 = 124 500 | 168000 | 79000 | 104 800 | 149 500 | 211000 | 47 


36 A 383B | 37A | 387A 37 B 37 B 37 B 37B 37 ¢ 1 


88.0 77.0 81.0 88.0 84.0 85.5 85.5 87.5 83.5 | 11 
212.0 158.0 135.0 208.5 136.5 158.5 177.5 204.0 137.5 | 13 
124.0 81.0 | 54.0 12085 .2be 5225) (73-0 92.0 116.5 54.0 | 14 
189.0 | 146.0 11020) 185,65 | 117.5 | 18850) | 157.0 181.5 119.0 | 15 
233.0 | 175.5 | 149.0 233.0 148.5 175.0 | 197.5 | 228.0 150.5 | 18 
145.0 98.5 68.0 145.0 | 64.5 | . 89.5 112.0 140.5 67.0) | 19 
6220 4305 3575 4910 | 3480 4095 | 4560 4860 3610 37 
216 500 | 101500 | 58400 | 171000 | 53 900 88 000 | 122 500 | 164000 | 58100 | 47 


—— _ So _q_ im — ee | 
1-30-22 | 1-30-22 | 1-31-22 | 1-31-22 | 1-31-22 | 1-31-22 | 1-31-22 | 1-31-22 | 1-31-22 | 2 


} 


45b | 45c¢ | 47a AT besitos) 44d. fh Ave | ATE) el 
eS 
3-7-22 | 3-7-22 | 3-11-22 | 3-11-22 | 3-11-22 | 3-11-22 | 3-11-22 | 3-11-22 |..;...... {ic 
78.5 82.5 79.0 | 82.0 | 86.5 | 89.0 88.5 SBI OM Mee ses.asisre 11 
211.0 | 234.0 | 139.5 | 170.5 | 182.5 | 196.5 | 220.0 | 231.0 |......... 13 
132.5 | 151.5 O0.5. | 88:5.) 96.0 | 307.5 | 331.5 | 14510 |......... 14 
107:5° | 216-6 | 125.5 | 153/56 | 161.0 | 172.5 | 196.6 | 210.0 |......... 15 
239.5 | 266.0 | 153.0 | 189.5 | 202.5 | 228.0 | 247.0 | 259.5 |.........| 18 
Teo etsaeo ete 7400) | 107-5) | 116.0) 9134.0 | 168.5 | 173.5. |. we .. | 19 
5330 5500. | 3880 | 4595 | 4720 | 4860 | 5180 | 5400 |......... | 37 
206 000 | 242 200 | 68900 | 118 600 | 131 500 | 156 500 | 197 0G0 | 225000 |......... 47 
67 a 67 b 67 ¢ 83a 83 b 83e | 83d | 84a | 84b 1 


5-22-22 | 5-22-22 | 5-22-22 | 12-6-22 12-6-22 | 12-6-22 | 12-6-22 |12-20-22 |12-20-22 | 2 
89.5 95.5 ODO TIES aleez520 i 78.0 78.0 72.5 favo) Wold 
173.0 19070 217.5 159.0 | 193.5 | 220.5 204.5 158.5 192.5 | 13 
83.5 95.5 125.5 87.5 118.5 | 142.5 | 126.5 86.0 120.0 | 14 
148.5 160.5 190.5 152.5 | 1832. 20715 | 191.5 | 51,0 185.0 | 15 

| 


191.0 | 212.5 244.5 175.5 214.5 | 244.0 | 226.0 177.0 218.0 | 18 


101.5 | 117.0 | 152.5 | 104.0 | 139.5 ' 166.0 | 148.0 104.5 | 145.5 | 19 
4280 4505 | 4990 | 4450 4960 | 5250 | 5020 | 4890 | 5000 37 


104 300 | 126 500 | 182 600 | 111 100 | 166000 | 209 000 | 178 200 | 122 600 | 174 600 | 47 


*Tests 30 B, with small fan in recirculating duct, but not running. 
Tests 31 a-d inclusive, with small fan in recirculating duct but with external air supply, fan running, 
Tests 36 B, with large fan arranged as in 36 A but fan not running, 
Tests 37 A, with warm-air register faces removed. 
Tests 37 B, same, but with sloping stack headers simulating register valves. 
Tests 37 C, with both warm-air and cold-air registers out, but with sloping stack headers in place. 
Tests 47 a-f inclusive, tests with 56-in. unlined casing. 
Tests 67 a, b, c, tests with insulated furnace. 
Tests 83 a, b, ¢, d, tests with 52-in. lined casing. 
Tests 84 a, b, tests with vertical-sided bonnet with side-outlet collars. 
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TABLE 3- 
CLASSIFICATION OF TESTS AND GENERAL DIMENSIONS 
ror PrrpED FURNACE PLANT* 


Cast-Iron, Circular Steel, Crescent | Cast-Iron, Crab 
Murnmace: Lypen yee. cles re ms Type Radiator Type Radiator | Type Radiator 
Test, NOs AMClusiveG..c.uns © xtsse ey oboe ; 1-101 102-119 120-127 

General Data 
Grate diameter, in..........-.-++: 23 21.5 22 
Grate ateay 8s ftsccct jesticsiecetes oe 2.88 2.47 2.64 
PNT OOU OHS, CIM pa ci aiesesereteysirte ibee ees 27 21.5 24 
Heating surface, total sq. ft........- 70.28 78.40 61.38 
Heating surface, ashpit sq. ft....... 11.38 10.60 10.43 
Heating surface, firepot sq. ft....... 8.10 | 10.70 7.09 
Heating surface, dome sq. ft........ 18.87 | 19.20 20.02 
Heating surface, radiator sq. ft..... 31 -93 37.90 23.84 
Warm-air pipes, Ist floor.......... 4-12 in. 4-12 in. — 4-12 in, 
Warm air pipes, 2d floor........... 2-9in. 2-8 in. 2-9 in. 8&8 in. | 2-9 in. 2-8 in. 
Warnm-air pipes, 3d floor..........- 2-9 in. 2-9 in. 2-9 in. 
Warnm-air pipes, sq. in.-sq. ft....... 808-5.61 808-5 .61 808-5 .61 
Free area, 50-in. casing, sq. in.—sq. ft. 7164.97 | *827-5.74 1034-7 .18 
Free area, 52-in. casing, sq. in.—sq. ft. 860-5 .97 | 913-6 .34 1156-8 .03 
Free area, 54-in. casing, sq. in.—sq. ft. 1012-7 .02 : | 1094-7.60 °° brewer 
Free area, 56-in. casing, sq. in.—sq. ft. 1155-8 .02 |, A2ZZb=S.2bE ~~ (ee cee ee 
Special Classes and Corresponding Test Numbers 
Recir. Duct (17x47 in.) 
Area 803 sq. in., Test Nos.......... pt MS IR AP Ge ee he 
Recir. Duct (32-in. Dia.) 
Area 804 sq. in., Test Nos.......... 18-101 102-119 | 120-127 
Cold-air Register 36x36 in. | , 
Free area 4.36 sq. ft., Test Nos..... 18-36 38-101 102-119 | 120-127 
50-in. Unlined Casing, Test Nos... . O2—bG ye | ene pk 
52-in. Unlined Casing, Test Nos.:. .| 18-26, 27-31,32=36, 87 |... ))0)) 
54-in. Unlined Casing, Test Nos... . BOE D ae ee ae 
56-in. Unlined Casing, Test Nos... . 46-51) YM ae sieceers jae eee 
50-in. Test Nos. 96-97 11-115 | = 125-127 
52-in.{ Lined Casing, ) Test Nos. - 38, 74-95, 98-101 107-110 120-124 
54-in. ( (1-in. air space),)) Test Nos.-| 6... eee eee ee 1O2—106). — ose ee ee 
56-in. Test Nos. .| 57-60, 61-63, 64-67, 68-73 116-119 | Senate 
Linings, 2-in. air space, Test Nos. .. 94-0506, «5 Bk) Deere | oT 
Corrug. tin. and asbestos, Test Nos. 57-60 «ep — ll (ge Sepeeenee \ a. ‘ : 
Radiation Shield, Test Nos......... 77-80 81-82 hee SG aah d* 
Bonnets, Conical, Test Nos......... 1-83, 94-101 102-119 | 120-127 
Bonnets, Cylindrical, Side Outlets, : 
phest aN Obi ei tise. earn 84-89 ae 
Bonnets, Cylindricai, Top Outlets, bes J tates 
EL OStWNOS: 5 2a |, eroatie eee Ae 90=93'4 Og AOS yates ee, | 


: | stesso 


*In using this table of “Classification of Tests” it will be found that the individual test . numbers 
appear under more than one class. It is therefore possible to determine all the conditions existing 
during any test by noting the different classes in which the test number appears. 
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‘ TABLE: 3 (CoNTINUED) 
ra Sonssenaulinny or TESTS AND GENERAL DIMENSIONS 
’ FOR PIPED FURNACE Prant* 
eos Aen, Seba Cast-Iron, Circular “Steel, Crescent | Cast-Iron, Crab 
| Type Radiator Type Radiator | Type Radiator 


Special Classes and Corresponding Test Numbers (Continued) 


msulated Furnace and Leaders, 


Met eR Rete eee > Ok i sh (os i! | 


Pans, Arcee Ont NOt as. some ct a ta aos} ee. 
SUD GTS 20 FU 1s PES el a eer | y = | 


Base and Bonnet Calorimeter, 


OER SS Ree & bias meatal ae A EP eee bile em re os are § 


Register Grille, Test Nos. ......... Se SS ih BAe oe to ; 
Firepot, Slapubs GreMeRN GRE ao pn RTOs) MN at a ee eet . 
Firepot, Plain, Test Nos........... | Oey IL ee ae ee ee 120-127 


Firepot, Brick-lined, Test Nos...... nS AGUA aioe |i) TP 2 art 
Anthracite Coal, Test Nos......... 1-97 102-119 120-127 

: Bituminous Coal, Test Nos......... Reet 4) Cera ce | DN chav csdtearie s Iiph ox teatcorsis. <0 

= ea Se 

TABLE 4 
CHEMICAL ANALYSES OF CoALS AND ASH AND REFUSE* 
. - 
Proximate Analysis of Coal as Fired Anthracite Bituminous 

IZOO (anpOn, PET COME. «cc pce cons oo alee ® sie alersiv awieis daar a7 as 78.98 45.01 
Soin Ge MRAtUGEs ET CONG caciete co witiate.tse oa tie! vie die.sie onc-a elae og Boe 6.19 36.79 
REGIMENT ADOR CONUS ae Oe eA Aatta ook k, 5,4:cebia as eiie erie saan 154d = 6.40 
PARA SOMIOCH Leet aah eRe See y ore eo ais aside oc 0irs x es ale od 13.39 11.80 
Calorific value by oxygen calorimeter, B. t. u. per Ib........... 12 790 11 687 

a Ultimate Analysis of Coal as Fired 
ron). Der DenGn mate cot Gund leCiee «caus eos series pyersgnoe | 79.50 64.69 
fEfy drOgodn (EL) DEN CORE i em Seat o.~ eivie a aizieloa dae aiel cles epdrn as 2.43 4,27 
RO xi ara) PICK COUN etal io aio", ono asi ates csiessteel “| Fs 4 paeleje'> 3s 1.68 7.00 
PR TEOREM ICO) EE CONG a doves = aa, cise ste» ays laird eee pce wow eine 0.75 L.o7 
Raeibeot hard (GS yp PER CCH by ee eee kere Branton, ere micas, «Pies oft min arom ease. 0.81 4.27 
Moisture st 105 dec. @., PericOnt ... a1 cen newts seta es reseess 1.44 6.40 
Pes hie SPUCCD Use vie slaiei oer oe) ole ai ie a oTie wale: ost la leis. vialsias =. ef ahs 13.39 11.80 

Analysis of Dry Ash and Refuse for Test No. | Test No. | Test No. | Test No. 
Tests on Bituminous Coal 98 99 100 101 

Fixed carbon, per cent. .......00-2e cesar es ceseress 5.47 6.07 7.58 5.71 
Earthy matter, per cent. «0... 2.0.0 ees eer essences 94.53 93.93 92.42 | 94.29 
Galorific value; Bet. U1, per IDs. cic. nce ce eus nse esas 799 886 1106 | 834 


*Anthracite coal all of stove size. : 
Bituminous coal run of mine, lumps broken to stove size, 
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Fig. 12. AUXILIARY PLANT GRAPHICAL Data, Heat Input to FURNACE, 
FOR VARIOUS STACKS wiTH 10- TxcE LEADER 
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Description Area, 
of Stacks  sq.in. 
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Fig. 18. AUXILIARY PLANT GRAPHICAL DATA, HEAT INPUT TO FURNACE, 
FOR VARIOUS STACKS WITH 8-INCH LEADER 
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TV. PrRFORMANCE oF A Cast-Iron Crrcunar-RapIaTorR FURNACE 
( Tests 18-26, 96, 97 ) 


12. Description of Furnace—A description of the cast-iron cir- 
‘cular-radiator furnace and the test plant is given in Fig. 7 and in 
Chapter II, Section 5. 

13. Method of Procedure-—The method of procedure for all 
tests with anthracite coal is given in Chapter II, Section 7. 

14. Results and Conclusions—Complete performance data are 
essential in order to make satisfactory comparison between two or more 
types of furnaces, or even to make a study of the operation of a single 
type under various conditions. The performance of a given furnace is 
completely determined when a statement of the combustion rate, draft, 
capacity at the bonnet, efficiency, and average temperature at the reg- 
ister faces has been presented. Such a presentation can best be made 
by means of a set of curves in which all of the other factors mentioned 
are plotted against the combustion rate. Hither partial or complete 
performance curves have formed the basis for all of the comparisons 
and conclusions presented in this bulletin, and a complete set is shown 
in Fig. 18 for the cast-iron furnace with a circular radiator. These 
curves are for the furnace with a 50-inch casing, having an inner lining 
of black iron spaced one inch from the casing, which proved to be the 
best of the four sizes of casings investigated with this furnace. Since 
the shape of the curves was found to be the same for all casings tested 
on a given furnace, it was not necessary to run a large number of tests 
on one size when this shape had once been determined. The shape of 
these performance curves was established by tests 18 to 26 inclusive 
and the location by tests 96 and 97. 


Since in practice the furnace is controlled by a combination of 
dampers which in turn determine the intensity of the draft at the 
smoke outlet, measured in inches of water, the draft becomes the con- 
trolling factor in furnace operation, and the other factors necessarily 
become functions of or are dependent upon the draft. For example, 
if the furnace from which the curves in Fig. 18 were obtained is pro- 
vided with a chimney capable of giving an average differential draft 
of 0.09 inches of water between the ashpit and the smoke outlet, a com- 
bustion rate of 10 Ib. of coal per sq. ft. of grate surface per hr. could 
be expected. Under these conditions the capacity of this furnace 
would be 189 000 B. t. u. per hr. at the furnace bonnet, and the air 
would be delivered from the register faces at an average temperature 
of 195 deg. F. On the other hand, if the chimney could produce a 
differential draft of only 0.025 in. then a combustion rate greater 
than 5 Ib. per sq. ft. of grate surface per hr. could not be expected, 
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and the furnace capacity would be reduced to 116 000 B. t. u. per hr. 
In this case, the air would be delivered from the registers at an average 
temperature of 156 deg. F. 

The curves may be used to give some indication of the require- 
ments for a satisfactory chimney. The differential draft represents 
the lower limit for the intensity of the draft at the smoke outlet. The 
differential draft cannot be the same as the draft at the smoke outlet 
unless the actual draft in the ashpit is zero. If the ashpit damper is 
too small, or partly closed, thus offering appreciable resistance to the 
flow of air, the draft at the smoke outlet must be greater than the 
differential draft. Furthermore, in order to warm the house rapidly, 
combustion rates much higher than the average daily rate are required 
for short periods of time. In order to meet these conditions, a satis- 
factory chimney must produce a draft intensity of from two to three 
times the differential draft required for the average rate of combustion 
on which the design of a plant is based. Such a draft would range 
from 0.12 to 0.18 inch of water at the smoke outlet. 

Performance curves are a material aid in selecting a furnace for a 
house. If the heat losses from a house were such that a furnace capa- 
city of 133000 B. t. u. per hr. was required at the bonnet in zero 
weather, the furnace under consideration would supply these losses 
when operated at a combustion rate of 6 lb. per sq. ft. of grate sur- 
face per hr. Under these conditions the efficiency would be approxi- 
mately 60 per cent, and the average temperature of the air at the 
registers would be 165 deg. F. Under the usual weather conditions, 
however, a capacity of about 100000 B. t. u. per hr. at the bonnet 
would be required and the furnace would operate at a combustion rate 
of 4 lb. per sq. ft. of grate surface per hr. The efficiency would then 
be 65 per cent and the average temperature of the air at the registers 
would be 147 deg. F. If the furnace is chosen to operate at maximum 
efficiency during the average cold weather, then the increase in the 
temperature of the air delivered at the registers and the sacrifice in 
efficiency in consequence of the extra capacity required can be justified 
for the few days during which the extreme weather prevails. 


V. PERFORMANCE WITH ANTHRACITE AND Brruminous COoa.s 


(Tests 74-76, 98-101 ) 


15. Object of Tests——A series of tests using anthracite coal and 
one using bituminous coal were run with two objects in view: 


(a) To compare the performance of the same furnace operat- 
ing with anthracite and bituminous coal. 
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(b) To determine the effect of the use of a slotted firepot 
on the operation with bituminous coal. 


16. Method of Procedure—tThe series of tests 74-76 was run on 
the cast-iron circular-radiator furnace having a 52-inch lined casing, 
and using anthracite coal. The standard method for testing with 
anthracite coal as outlined in Chapter II, Section 7, of this bulletin 
was followed. For the series of tests 98-101 on bituminous coal, the 
same furnace was used except that a slotted firepot was substituted 
for the plain firepot. In test 101 the slots were sealed with fireclay. 
The method of testing with bituminous coal is given in Chapter II, 
Section 7. The chemical analyses of the coals used may be found in 
Table 4. 

17. Results and Conclusions—Performance curves for the fur- 
nace fired with the two types of coal are shown in Fig. 19. From 
these curves it appears: 


(1) Within practical combustion rates the anthracite 
coal gave higher capacity and efficiency than the bituminous coal 
for the same combustion rate; at combustion rates that are ex- 
cessive for warm-air furnace practice, however, the reverse was 
true. 

(2) In the ease of the bituminous coal the efficiency was 
more nearly constant over the whole range of combustion rates 
than it was for the anthracite coal. 

(8) At any given combustion rate more draft was required 
to operate the furnace on anthracite coal than on bituminous coal. 

(4) With bituminous coal, as fired under the conditions of 
the tests, the slotted firepot gave about 9 per cent greater efficiency 
and capacity than the firepot with the slots sealed. 


The temperatures of the heating surfaces of the furnace when 
fired with anthracite and bituminous coals are shown in the curves 
in Figs. 39 and 40. These curves indicate that the firepot temperatures 
inerease with an increase in combustion rate for the anthracite coal, 
while the reverse is true for the bituminous coal. The decrease in 
temperature indicates that the higher drafts required to produce the 
higher combustion rates cause an increase in the amount of air drawn 
through the slots and result in cooling the firepot. The temperature 
of the firepot was uniformly lower for the bituminous coal than for 
the anthracite. The firepot temperature was also materially lower 
for the slotted pot than for the one with the slots sealed: The fact 
that the temperature of the combustion dome was greater for the 
bituminous coal indicates that more combustion took place above the 
bituminous coal fuel bed than above the anthracite bed. On the other 
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hand, the radiator temperatures seem to indicate that the combustion 
in the ease of the bituminous coal was retarded more in the radiator, 
and that probably the loss due to combustion in the flue gas was 
greater. 

Accumulations of soot in the radiator in the bituminous coal tests 
amounted to about 114 lb. at low combustion rates and were negligible 
at high rates. At low rates, the soot collected on the inner surface 
of the radiator to a depth of about 34 inch while at high rates the 
surface remained practically free from soot. 


VI. PrrFoRMANCE OF A STEEL CRESCENT-RADIATOR FURNACE 
(Tests 102-106 ) 


18. Description of Furnace.—A description of the steel furnace 
and test plant is given in Table 3 (p. 44) and in Figs. 2, 3, and 7 (pp. 
17, 18, and 25). : 

19. Method of Procedure——The same method of testing was used 
for this furnace as for the cast-iron circular-radiator furnace. This 
method is discussed in Chapter II, Section 7. 

20. Results and Conclusions——The results of the tests on the 
steel crescent-radiator furnace are shown in the performance curves 
in Fig. 20. These curves are for the 54-inch casing, which proved 
to be the best of the four sizes of casings investigated with this furnace, 
and they express the same general relationships as those discussed for 
the cast-iron circular-radiator furnace in Chapter IV, Section 14. 

Comparisons of the two types of furnaces can be made only in 
a very general way on account of the fact that the grate sizes were not 
the same. Comparison of the performance curves indicates, however, 
that the steel furnace requires greater draft differential between the 
smoke outlet and the ashpit to operate at a given combustion rate than 
the cast-iron circular-radiator furnace. The efficiency was higher for 
the steel furnace and was more nearly constant over the whole range 
of combustion rates than it was for the cast-iron circular-radiator 
furnace. The capacity developed at the bonnet was practically the 
same for the two furnaces. The capacity, however, is materially 
affected by the grate area, and probably a better basis of comparison 
would be obtained from the capacity per unit of grate area. Since 
the grate area of the steel crescent-radiator furnace was 2.47 sq. ft., 
while that of the cast-iron circular-radiator furnace was 2.88 aq. te 
the unit capacities for the crescent-radiator furnace would accordingly 
be greater than for the circular-radiator furnace. The range of sizes 


over which these unit capacities are applicable is problematical but 
it is probably very small. 
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Fic. 20. PERFORMANCE CURVES FoR A STEEL CRESCENT-RADIATOR FURNACE 


The ratio of heating surface to grate surface was 24.4 for the 
eircular-radiator furnace and 31.7 for the crescent-radiator furnace. 
The results seem to indicate in general the desirability of high ratios 
of heating surface to grate surface. 


VII. Errect or Varyine Castna DIAMETER FoR Two Typrs 
oF FURNACES 


(Tests 18-26, 39-45, 46-51, 52-56, 61-63, 74-76, 96-97, 102-119 ) 


21. General Statement—Seven series of tests were run on the 
cast-iron circular-radiator furnace and four series on the steel crescent- 
radiator furnace in order to determine the effect of casing size on 
the capacity and efficiency of the furnace. Each series represented 
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a distinct size or type of casing, and all tests were run on anthracite 
coal in accordance with the standard method of testing as outlined in 
Chapter II, Section 7. In order to isolate the effect of variation in 
the size of casing, no change was made in the leader pipes or recirculat- 
ine duct when the size of casing was altered. All other details of 
the plant also remained the same. This method, however, resulted 
in a variation in the ratio of leader area to free area through the fur- 
nace for the different casings used. In the case of the cast-iron cir- 
cular-radiator furnace four series of tests were run on unlined cas- 
ings, and three series on casings having a black iron lining spaced one 
inch from the easing. No unlined casings were used for the steel 
crescent-radiator furnace. The areas and other dimensions are shown 
in Table 5. 


~ 


TABLE 5 
DIMENSIONS OF CASINGS AND FURNACES 


Ratio | Ratio of Ratio of 
Casing Free Free Area | Leader Free Area Grate Heating 
Furnace | Diameter Area to | Pipe Area to Surface Surface 
in. sq. in. Gross Area | to Leader sq. ft. sq. ft. 


| Free Area | Pipe Area 


Cast-Iron 50 716 OF361 9} Satet30 0.889 2.88 70.3 
Cast-Iron 52 860 0.405 0.940 1.065 2.88 70.3 
Cast-Iron 54 1012 0.444 0.798 1.253 2.88 70.3 
Cast-Iron 56 1155 0.480 0.700 _ 1.4380 2.88 70.3 
Steel 50 827 0.404 | 0.976 1.025 2.47 78.4 
Steel 52 913 0.480 | 0.883 1.130 2.47 78.4 
Steel 54 1094 0.473 | 02738 1.354 2.47 73.4 
Steel 56 1225 0.498 | 0.660 1.516 2.47 78.4 


22. Results and Conclusions—The performance curves for the 
cast-iron circular-radiator furnace with the various casings used are 
given in Fig. 21 and those for the steel crescent-radiator furnace in 
Fig. 22. The curves for both furnaces and for lined and unlined cas- 
ings show a similar effect. Starting with the smallest casing a. de- 
crease in capacity and efficiency took place when the casing diameter 
was enlarged two inches. The next increase in casing diameter re- 
sulted in an increase in efficiency and capacity while a still further 
increase in casing diameter again resulted in a decrease in efficiency 
and capacity. The curves in Fig. 23 show this variation more clearly. 
These curves were derived from Figs. 21 and 22 and the capacities 
were plotted to a unit grate basis in order to make the results ob- 
tained from the two sizes of grates more nearly comparable. This 
process is based on the hypothesis that if the size of grate were in- 
creased to the next larger size all of the furnace and plant dimensions 
would be increased proportionally and a corresponding increase would 


~ 
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Fic. 21. PERFORMANCE Curves For Four Sizes of CASINGS ON A CAST-IRON 
CIRCULAR-RADIATOR FURNACE 
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take place in the capacity. Evidently this would not be true for a 
very wide variation, but within narrow limits the approximation js 


probably correct. Since no tests were run on a 54-inch lined casing 


for the cast-iron cireular-radiator furnace, the shape of the curve 
was taken from a similar one plotted from the results for the unlined 
casings. The outstanding feature in Fig. 23 is the similarity of the 
curves for the two types of furnaces, notwithstanding the fact that 
the distribution of heating surface was radically different in the two 
cases. 

The curves in Fig. 24 may be used as a possible explanation for 
the peculiarity shown by the curves in Fig. 23. From Fig. 24 it may 
be seen that the heat loss curve is the inverse of the capacity curve 
and apparently the heat loss was a greater factor in determining the 
changes in capacity than the friction through the furnace. If the 
friction had been the predominating factor a uniform increase in 
capacity with increases in casing size would be expected. 

For the very small casings the velocity was high. This produced 
a greater rubbing effect on the heating surfaces and aided the heat 
transmission to the air. At the same time the close fitting casing 
forced the major part of the air to pass between the radiator and 
the combustion chamber, thus utilizing these surfaces to better extent. 
The high velocity over the lining and casing surfaces minimized the 
heat loss from the casing. All of these factors combined to give a 
high capacity. When the casing size was increased the velocity was 
decreased and less air passed between the radiator and combustion 
chamber. The heat loss from the casing remained about the same 
and the decrease in capacity was probably caused by a decrease in 
effectiveness of the heating surface. On further increasing the size 
of the casing, the effectiveness of the heating surfaces remained about 
the same but the heat loss from the casing decreased and the net re- 
sult was an increase in capacity. Finally, on the largest size casing, 
the velocity became so low that the effectiveness of the heating sur- 
faces was materially reduced and at the same time cross currents 
within the casing were formed. These cross currents carried heat 
from the heating surface to the casing which was of greatly increased 
area and probably increased the heat loss. All of the factors, there- 
fore, combined to reduce the capacity. 

The curves in Fig. 23 seem to indicate that the best results were 
obtained on both furnaces with a casing having a ratio of free area 
to gross area of approximately 0.46 and a ratio of free area to leader 
area of 1.35. Very good results were obtained with a ratio of free 
area to gross area of approximately 0.37 and a ratio of free area to 
leader area of approximately 0.9, with indications that still smaller 
casings would have been better. The 50-ineh casing, however, was 
the smallest that it was practicable or possible to use. 


a”. ar (hee 
—e “ 
- 


ILLINOIS ENGINEERING EXPERIMENT STATION 


66 


SHZIQ DNISVY SNOIMVA HLM TOVNUN ST 


THHLS YOd SHAYNH ALIOOTTA ANV SSO'T LVEH ‘FS ‘DLT 


08 Ul PIOULNY YONOLMY, OBNY 24) 16027 
O06 008 


aa 


aa 


COM 


G00/ 


Beet eee 


7 HOLD JO bf ‘08 13d ik at =f C00 OF 


JN eee WOG 


SSO7 ha 


; 


Md 4320 A019 40 ty 08 Sad [205 
| 40 W212 SfS8l B20WLINY JAAS 


QOF/ 


7 


aS 
DW bf U/ 
CAMY ZAt) YbT OMY LYIYAA 


8S 
Sy 
Cll, SA 


3 8 8 8 
Me) dé ll) daly & 

USOD YOLIOA1Yf 

4SO7 {034 


8 
vy, 


¢ 
SHOVNYNY JO SHAT, OMY, YOd ALIOVAVO 
QNV VEUY DUT NAIMIAG NOMVIEY 


“6S “OLA 


UW 0S Uf 20M YOHIOLMY{ LAMY IALf {8027 
00/1 


O02/ 


Q200/ 06 008 


i 


— 


HOY UOUSHOUOD 


| /-O/\. 


>it 


PIOUM 24 UOLASOD mm 


BIOUMIY {225 m1-— 


§ 
W1IOUNOD 


W/ ALU2 JO LOS M37 


8 
S 
) 


SS 
S 
S 
OME 


SS) 
S 
N 


000 08 3 


My LIA Mf OLlll fr 


REPORT OF PROGRESS IN WARM-AIR FURNACE RESEARCH, PART Il 67 


The curves in Fig. 25 show the effect on capacity per sq. in. of 
free area of increasing the ratio of leader pipe area to free area 
through the furnace. The curves indicate that a somewhat further 
reduction in casing size, beyond the smallest casings tested, may give 


aD 


Capacity per sg th of Furnace -ree Area, 
Mn Bilt 0" Parr 


Q70 080 Q90 100 4/0 1Z0 150 
Kato of Leader Area lo furnace (r@é Aréq 
Fig. 25. Errect or RATIO oF LEADER PipE AREA TO FURNACE FREE AREA FOR 
Two TYPES oF FURNACES 


still greater capacities per sq. in. of free area through the furnace. It 
should be noted, however, that when the ratio of leader pipe area to 
free area is increased. much above 1 to 1 the plant may breathe, or 
some one of the warm-air pipes may act as a cold-air duct. 


VIII. Furnace Bonnets or THREE TYPES 
( Tests 74-76, 84-89, 90-93 ) 


23. Description of Plant.—The comparisons made in this Chap- 
ter are based on the results of tests on a furnace equipped with 
bonnets of three types. In all details, the furnace and plant were the 
same in the three groups of tests except for the bonnets and necessary 
chariges in the bonnet connections. A view of the furnace and con- 
nections as arranged for the first group of tests is shown in Figs. 1, 
2, and 3. 


4 
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The three bonnet constructions, which are shown in the cross- 
sectional details of Fig. 26, were as follows: 


(a) Conical bonnet. with side outlet collars. 

(b) Cylindrical bonnet with side outlet collars but leader 
pipes in same position as in (a). 

(ec) Shallow cylindrical bonnet with elbow outlets in top, 
leader pipes horizontal and tops of leaders at same elevation. 


24. Results of Tests—The performance curves for the tests are 
given in Figs. 27, 28, and 29. 

25. Discussion of Results and Conclusions.—Definite conclusions 
may be drawn from the curves of Fig. 29, in which the net heat avail- 
able at the registers of the plant was plotted for various rates of com- 
bustion. For combustion rates below 9 lb. of coal per sq. ft. of grate 
area per hr. the (c) bonnet gave 10 per cent more heat available at - 
the register than the (a) bonnet, and 3 per cent more than the (b) 
bonnet. Above the combustion rate of 9 lb., however, the (c) bonnet 
performance fell below that for the (b) bonnet, and above 10.5 |b. it 
fell below that for the (a) bonnet. 

This failure of the (c) bonnet above a 9- or 10-lb. combustion rate 
resulted from two causes: a reduction in rate of increase in weight 
of air flowing, and reduced air temperatures at the registers, as may 
be observed from Figs. 27 and 28. Figure 28 indicates that the weight 
of air did not increase in the (c) bonnet as rapidly as in the (a) and 
(b) bonnets. The two principal components of bonnet capacity are 
temperature and weight of air. The curves show that at any: given 
register air temperature above 200 deg. F., the bonnet capacity was 
lower for the (c) bonnet than for the (a) or (b) bonnets. This could 
only be accounted for by a weight of air lower than for the (a) or 
(b) bonnets. Figure 27 shows that at a combustion rate of 10 lb. per~ 
sq. ft. of grate per hr. the register air temperature for the (c) bonnet 
fell below the register air temperature for the (b) bonnet, and at a 
little over 11 lb. it fell below the register air temperature for the (a) 
bonnet. 

A probable explanation of the rapid falling off in the rate of in- 
crease in heating effect at the register, and:also in heating capacity 
at the bonnet, for combustion rates above 9 lb. per sq. ft. of grate, 
may be given. The conical bonnet, (a), deflected the current of air 
from the space surrounding the radiator toward the center of the 
furnace with consequent turbulence and loss of head. The cylindrical 
bonnet, (b), was freer from turbulence and hence exceeded the, (a) 
bonnet in air handling capacity. The (c) bonnet was most effective 
at lower temperatures and combustion rates because of the greater 
height of the hottest part of the air column in the system which 
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extended up into the elbows. However, at higher combustion rates, the 
increased turbulence in the extra 90-deg. turn just above the bonnet 
and the interference with the top of the bonnet had the effect of 
limiting the air handling capacity. 

The results indicate that of the three types of bonnet construc- 
tion tested the cylindrical bonnet with side outlets, the (b) bonnet, 
was the most satisfactory over the whole range of operation of the 
furnace. This may not be true of all installations, for it is probable 
that with sloping leader pipes and a correct distribution of the out- 
lets in the bonnet top, the performance of the (c) bonnet at a com- 
bustion rate above 9 or 10 Ib. could be improved. 


IX. Recrrcuuatineg Ducts or Two Typrs 


( Tests’ 11-15, 74-76 ) 


26. Description of Plant and Tests—These tests were run to de- 
termine the effect of recirculating duct design on the performance of 
the furnace operating under the conditions of gravity circulation. The 
comparison has been made on the basis of heat available at the reg- 
isters for each type of duct. This basis shows the over-all effect of 
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Fic. 30. Two Typrs oF RECIRCULATING Duct TESTED 
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such ducts on the actual heating of a house. The furnace plant 
‘(Figs. 1, 2, and 3) used in the tests was identical for both cases ex- 
cept for the changes necessary (Fig. 30) in the recirculating duct. 
The tests were made as follows: 


(a) <A series of four tests was selected from previous work, 
for comparison. These tests were run on the plant as described 
under the ‘‘Main Plant’’ in Bulletin 112 of the Engineering Ex- 
periment Station.* The essential features of the duct are shown 
as Duct A, Fig. 30. 

(b) A series of tests was run on the furnace with the im- 
proved recirculating duct shown as Duct B, Fig. 30. 


27. Results of Tests—The results of the tests are shown in the 
curves of Fig. 31, in which the heat available at the registers above 
70 deg. F. is plotted against register air temperatures. 

28. Discussion of Results and Conclusions——The round duct with 
45-deg. elbows and without the unsatisfactory right-angle bends of 
the rectangular duct handled a much greater quantity of air and devel- 
oped a greater heat available at the registers (Fig. 31) than the rec- 
tangular duct. Table 6 contains a comparison of the performance of 


TABLE 6 
Heat AVAILABLE AT REGISTERS FOR Two Typrs oF RECIRCULATING Ducts 


Heat Available at Registers above 70 deg. F. 
Register Air Temperature B. t. u. per hr. Per Cent 
deg. F. Increase for 
| Round Duct 
Rectangular Duct | Round Duct 
A BOSCLIOW) re-sieicve cate eratcaresnertets 47 000 54 000 15.0 
160: (Moderate) :.028". oa 72.6. 81 000 94 000 16.0 
A GONG GEN, tern rete er. cunceion es 120 000 138 000 15.0 


the plant with the two types of duet on a percentage basis for three 
register air temperatures. The round duct had a center line length 
of 11 ft. as against 14 ft. for the rectangular duct. On the other hand, 
the round duct was equipped with a register grille, whereas the ree- 
tangular duct had none. The grille resistance amounts to 4 per cent 
of the furnace capacity at moderate temperatures (Chapter XI). The 
failure of the rectangular duct to handle the same quantity of air as 
the round duct may be ascribed to sharp right-angle turns, greater 
length, and greater frictional surface for the same cross-sectional area. 

The values in Table 6 were selected from the curves of Fig. 31. 


* “Report of Progress in Warm-Air Furnace Research,’ Univ. of Ill, Eng. Exp. Sta., 
Bul, 112, 1919. 
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Fic. 31. Recister Air TEMPERATURE— HEAT AVAILABLE RELATION FOR 
Tests oF Two TYPES OF RECIRCULATING DucTS 


X. A CENTRIFUGAL FAN AS AN AUXILIARY TO A 
FurRNACE HEATING SYSTEM 


( Tests 27-36 ) 


29. Description of Plant—The plant used for the tests was the 
piped furnace plant shown in Figs. 1, 2, 3, and 32 except that the 
inner casing was removed. Details of the recirculating duct and of 
the plant in general are shown in Fig. 32. 

It should be noted that the plant used in these tests was well de- 
signed and had a very large air-handling capacity even when the fan 
was not in operation. The fans used were of the small centrifugal 
type. Such units are not intended for continuous service, but merely 
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DETAILS OF Pipmp Furnace Used IN Fan Tests 


serve to accelerate the air flow in cold weather, and temporarily to 
increase the capacity of a gravity system. 


It should be made clear 
that the investigation of small fan units does not include, at present, 
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the more elaborate ‘‘ fan-furnace’’ systems which are installed in large 
buildings to previde for both heating and ventilation. 
30. Description of Tests —Six conditions, with five different ar- 
_ rangements of apparatus, were investigated: 

(1) With fan and 5-ring inductive nozzle completely con- 
tained in the recirculating duct, as shown in arrangement I, 
Fig. 33, three complete efficiency tests were run, including the 
whole range of combustion. The fan dimensions are shown in 
Fig. 33. 

(2) With the same arrangement as in arrangement I, Fig. 
33, a series of furnace capacities was obtained over a wide range 
of combustion rates, both with and without the fan running. 

[The purpose of these tests was_to determine the magnitude 
of the resistance to air flow occasioned by the presence of the fan 
and motor in the recirculating duct, as well as to determine the 
amount by which running the fan increased the gravity flow with 
the fan and motor obstructing the flow. See arrangement I, 
Fig. 33.] 

(3) An inlet pipe was added, as shown at II, Fig. 33, and 
another series of furnace capacities was obtained. A Pitot tube 
in the inlet pipe to the fan was used in determining fan capacity. 

(4) With a larger fan installed outside of the duct as shown 
at III, Fig. 34, a series of furnace capacities was obtained, both 
with and without the fan running. In these tests three large 
rings were added to the nozzle so that no large annular space 
around the nozzle remained, and the 6-inch ring of the first 
nozzle became the fan discharge connection. The fan dimensions 
are shown in Fig. 34. 

(5) An inlet pipe was added, as shown at IV, Fig. 34, to 
supply the fan with air from the cold-air box beneath the reg- 
ister, and three complete efficiency tests were run over the range 
of combustion rates of the furnace. 

(6) The fan inlet pipe was removed and the inductive nozzle 
replaced by a fan discharge pipe extending into the recirculating 
duct as shown in arrangement V, Fig. 34. A series of furnace 
capacities was obtained over the range of combustion rates of 
the furnace. 

31. Results of Tests for Fan and Nozzle Arrangements I to V.i— 
In Fig. 35 are shown the performance curves of the furnace for the 
tests with arrangements I to V, and also for the furnace operating 
under gravity head. The upper limit for the combustion rate was 
taken as that rate which was supported by a draft of 0.2 inch of water 

okepipe connection. 

"i Sree ce efficiencies showed a marked increase at the low 
combustion rates for both the large and the small fans, but at the 
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high combustion rates the furnace efficiencies for the tests with fans 

approached those for the gravity tests. This indicated that a limiting 

velocity of flow for the furnace had been reached, beyond which in- 

ereased air heating surface and better casing insulation would be 

necessary if high efficiencies were to be maintained for high combus- 
tion rates. The efficiency curves show that at low furnace tempera- 
tures very high efficiencies may be obtained by the use of ‘‘booster’’ 

fans. Increases from 58 per cent efficiency to 68 per cent efficiency, 
at low furnace temperatures, were obtained in the tests. 

The curves of Fig. 35 illustrate the effect on bonnet capacity (heat 
put into the air between inlet and bonnet), of arranging the fans and 
inductive nozzles in the various ways noted in the description of tests 
and shown in Figs. 33 and 34. Table 7 contains a statement of the 
percentage increase in bonnet capacities with fan operation cor- 
responding to three register air temperatures. 


TABLE 7 


PERCENTAGE INCREASE IN FURNACE CAPACITIES FOR VARIOUS ARRANGEMENTS 
AND SIZES OF FANS 


WITH DATA ON FANS AND INDUCTIVE NOZZLES 


ae Gravity Flow Fan Arrangement 


Capacity 
Temperature 
deg. F. |B-t-u-perbr.| 7 | gy | ot | wi] yv 


Percentage Increase in Bonnet . 130—(Low ) | 72 500 11.0 | 12.4 | 40.0 | 30.6 | 33.0 
Capacity at Three Register Air | 160—(Mod.) | 122 500 8.2 9.8 | 34.0 | 22.0 | 25.5 
Ramiparatures\. 5.8 025 «+: | 190—(High) | 176 000 7.9| 7.8| 30.0] 18.8] 19.3 
: | Gravity Flow Fan Operation 

sie 
: ; 130—(Low) | 3870 4390 | 4460 | 5830 | 5300 | 5410 

Pen iio: aot Vipwate, 160—(Mod.) 4550 4920 | 5020 | 6280 | 5780 | 5880 

ee a eres 190—(High) | 4940 5420 | 5390 | 6620 | 6100 | 6230 


HE RiGapHciey sub Agr er Lk s. setts 2 cevpa) aes class leis « v's bin a lepe'e « 905 905 1890 | 1590 | 1890 


. 130—(Low) —385 |—315 |+ 70 |—160 |—350 

eae ees Ae 60 (Mod) 535 |435 |—160 |—360 |—560 

I as Ca 190—(High) 425 |—455 |—210 |—430 |—600 
Apparent Induced Flow as Indicated by Anemometer in Main 

fe elaine Duct with no Fire in Furnace, lb. Air per hr. ....| 1115 250 | 2040 | 1710 | 1760 

125 105 125 


Watts Input to Motor During Tests ...........0...0+00s0e000s 100 99 


32. Discussion of Results—The increase in the weight of air 
passing through the furnace in pounds per hour when the fan was 
running was equal to the fan capacity in pounds of air per hour in 
only one case, as will be seen by reference to Table 7. Hence there 
was practically never any inductive action produced by the fan and 
nozzles, as the increase in weight of air flowing was less than the fan 
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capacity in pounds of air per hour except at one temperature, as 
shown by the negative values. In other words, the weight of air 
handled when the furnace was in operation with the five fan and 
nozzle arrangements was with one exception never increased over 
eravity flow by as much as the normal rated fan capacity in pounds 
of air per hour. 

The inductive nozzle shows an advantage over a straight fan dis- 
charge pipe (curves III and V in Figs. 35 and 36). This advantage 
‘may be attributed to the prevention of eddies and turbulence which 
might otherwise exist in the recirculating duct. 

The inductive nozzle does show a positive induced flow when 
there is no fire in the furnace for all five fans and nozzle arrangements. 
When the furnace was cold and the fan and nozzle were in still air, run- 
ning the fan always produced an induced flow of air into the register 
at the entrance to the cold-air duct. When the furnace was hot and 
the fan and nozzle were in a moving stream of air, running the fan did 
not induce a flow of air into the register at the entrance to the cold- 
air duct. 

The increases in capacity at the bonnet in B. t. u. per hr., it 
may be noted (Fig. 35), were substantial. The highest bonnet capaci- 
ties were obtained with arrangement III. This, however, is not a 
desirable arrangement for use in residences as it would involve the 
introduction of basement air into the rooms of the house. 

The redistribution of the air to the various floors was indicated 
by a comparison of register face velocities obtained in the fan tests 
with those previously obtained in gravity tests. Table 8, following, 
is a comparison based on anemometer traverses made with arrange- 
ment IV at a moderate register air temperature of 160 deg. F. 


TABLE 8 
EFFECT OF FAN OPERATION ON DISTRIBUTION OF HEATED AIR 


Average Register : 5 
Air Temperature a Be tea 3d 
deg. F: oor oor Floor 

Number of Registers is... -a00.</keece ene rite 4 4 Dis 
Average Anemometer 
Reading, Gravity Flow (Test 20) ........... 159 127 181 250 
Average Anemometer 
Reading, Fan Running (Test 34)............ 160 185 206 271 
Per Centilncrease.ten ces. t eee ae 45.0 11.4 10.8 


In the tests referred to in Table 8, the heat pipes were not: damp- 
ered, and the result was that most of the increased air volume flowed 
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to the heat pipes in which it encountered the least resistance, namely, 
the large pipes to the first floor registers. : 

The cost of electric current for arrangement IV for operating 
the fan motor, based on a rate of 10 cents per kilowatt-hour, for one 
hour’s operation would be 10 x 0.105 = 1.05 cents. At an average 
rate of combustion, using 6.5 lb. of coal per hr. per sq. ft. of grate, 
and at a fuel cost of 15 dollars per ton for coal, the cost of fuel for 
one hour would be 


6.5 x 2.88 & 1500 


= 14 cents 
2000 


or the ratio of cost of the electrical current to the cost of the fuel 
would be 1.05/14.0 = 0.075 or 7.5 per cent. 


XI. Errect or Register GRILLES ON PIPED FURNACE 
PLANT CAPACITY 


( Tests 18-26, 37 ) 


33. General Statement.—tIn the investigation of register grilles 
in the main plant, tests under three conditions were made as follows: 


(a) All register faces on the hot side of the system were 
removed leaving the open register boxes with no dampers or ob- 
structions. 


(b) Sloping plates were inserted in the tops of the register 
boxes, as shown in Fig. 37, to simulate the open position of the 
register valve used in this particular type of register. 


(ec) ~The large cold-air register was removed, leaving the 
entire system without register grilles, and the warm-air register 
boxes with the sloping top sheets. 


For each of these conditions, the register temperatures were varied 
over a wide range, and temperatures were taken simultaneously with 
readings of an anemometer in the recirculating duct. This anemom- 
eter was calibrated for the particular position and conditions of the 
tests. Table 9 gives the gross and free areas of the registers used 
on the plant. 


34. Results and Conclusions—The results of the tests are shown 
in the curves in Fig. 38. Capacities were plotted against the register 
air temperatures, in order to show clearly the effect of removing the 
register faces. The full line represents the capacity for the normal 
conditions of operation with all register grilles in place. The signifi- 
cant conclusions are as follows: 


. 
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TABLE 9 
AREAS oF REGISTERS TESTED 


Number Gross Area | Free Area Per Cent 


Used ea., sq. ft. ea., sq. ft. Free Area 
Warm-Air Registers: 

PailOOr oc s.c ok 3 ae 4 0.96 0.68 
Ae SHS Se : : 71 
MOOR a cere OR. oe a steele s oS... 4 0.63 0.46 73 
SRN OORT tee” Mckee a bk aS 2, 0.63 0.46 73 
LYNE Ea a ee, eee 10 7.02, 5.48 72 
Wolg-Air Rerister nc f2l20 ck voc ck ceeds: 1 8.70 4.36 50 


(a) No increase in capacity was indicated in the case of 
the open register boxes on the hot side of the system. 

(b) No appreciable increase in capacity was indicated in 
the case of the open faces with the sloping top plates on the hot 
side. It was expected that these plates would assist in reducing 
the loss in capacity due to turbulence, but no beneficial effects 
were found. 

(c) An increase in capacity of 6.5 per cent at high tem- 
peratures, 4 per cent at moderate temperatures, and 1 per cent 
at low temperatures, resulted when the cold-air register was 
removed. 


The results of these tests indicated that warm-air register grilles 
do not offer an appreciable resistance to the flow of heated air, pro- 
vided the free areas are not reduced below 70 per cent of the gross 
areas. The explanation is that the friction of the grilles is small in 
comparison with the total resistance to the flow of air through a fur- 
nace and the connected pipes and ducts. 

When the cold-air register was removed, the increase in capacity 
was shown to be appreciable in amount. This fact appears more 
significant when it is considered that the cold-air register used in the 
test furnace plant is unusually large. Greater losses may be expected 
to occur in plants having small registers and high velocities as it has 
been shown that the percentage of losses due to the grilles were 
greater at high velocities than at low velocities. 

In Bulletin 120 of the Engineering Experiment Station* (p. 184), 
is given a report of tests of register grilles in a pipeless furnace in 
which it was pointed out that the grille in the warm-air register of 
the pipeless furnace caused a reduction of 2.7 per cent in capacity. 
The tests on the piped furnace plant corroborate the results previously 


reported on the pipeless furnace plant. 


* “Tnvestigation of Warm-Air Furnaces and Heating Systems,” Part I, Univ. of Il, 
Eng. Exp. Sta., Bul. 120, 1921. 
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XII. Heat Emission rrom THE Heating SURFACES 
FOR THREE Types or FuRNACES 


- (Tests 18-26, 53-59, 61-63, 74-82, 85-89, 96-127 ) 


; 35. Object of Tests—A study of the heat emission from the heat- 
ing surfaces of the different furnaces tested has been made in order 
to determine the relative value of the different sections of the heating 
surface, and to establish basic data that might be of assistance in the 
design of new furnaces. The curves developed should not be used 
as a basis for comparing the performance of the various types of fur- 
naces, since those tested did not have equal amounts of total heating 
surface or the same distribution of surfaces. 

36. Theory and Method of Procedure—For this analysis data 
were used from all tests in which surface temperatures for the different 
sections of the heating surfaces had been observed. The surface tem- 
peratures were measured by chromel-alumel thermocouples with the 
junctions peened into the surface. All other data formed part of 
observations taken on routine tests. The points on the curves, there- 
fore, are representative of various types of casings, linings, and bon- 
nets as well as of the types of furnaces used. 

The design of a furnace must necessarily be based on factors which 
may be either taken from physical dimensions or estimated from prac- 
tical considerations. The logical starting point for design purposes 
would therefore be the expected capacity at the furnace bonnet. When 
this has been decided upon, the combustion rate that can be expected 
with a standard grade of coal may be readily determined from a set 
of performance curves similar to those discussed in Chapter IV for 
the type of furnace under consideration. The probable temperature 
for the air at the bonnet may also be estimated from the performance 
curves. The heat emission per square foot of surface and all other 
factors affecting design have therefore been correlated with the com- 
bustion rate in order that the combustion rate may be used as a basis 
for design. 

The heat emitted per square foot of surface is a function of the 
temperature of the surface. The curves in Figs. 39 to 42 show that 
a definite relation exists between the combustion rate and the surface 
temperature for each type of furnace. This leads directly to the 
conclusion that a definite relation also exists between the heat emitted 
per square foot of surface and the combustion rate. Such relations 
are shown in the curves of Figs. 44 and 45. 

The mean heat emitted per square foot of total heating surface 
was calculated directly from the heat given up by the combustion of the 
fuel. For the purpose of this analysis the surface of the sides of the 
ashpit has been included as effective heating surface. The areas of 
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Fig. 43. TEMPERATURE OF ANTHRACITE FUEL BED 


the heating surfaces for the different furnaces are given in Table 10. 

Part of the heat generated in the fuel bed escapes through the 
furnace front and the grates and floor of the ashpit, which are not air 
heating surfaces, and part is carried away as heat in the flue gases. 
The remaining heat generated must pass out through the heating sur- 
faces proper; therefore, 


1 Ea | peers Wem WP 


in which H;—the B. t. u. per hr. emitted by the heating surface 
proper, H, = the B. t. u. per hr. given up by the fuel, h, = the B. t. u. 


TABLE 10 
AREAS OF HEATING AND GRATE SURFACES 
C. I. Circular- Steel Crescent- C. I. Crab- 

Radiator Furnace Radiator Furnace Radiator Furnace 

Ashpits(Aa)iad, tte nn.ce sccm s 11.38 A 10.60 10.43 f 
WUrepot CAG) SG. dus jeri cies areues eters 8.10 10.70 7.09 
Combustion Chamber (Ac) sq. ft. 18.87 19.20 20.02 
Radiator (Ar) sq. ft.......-...... 31.93 37.90 23.84 
Potal (4 1)eqo tts. aeecee oe 70.28 78.40 61.38 
Grate area (@) sa. ft............4. 2.88 27 cole 2.64 
RRAHOEA ty Gis. 2s cs.5.3 sce a eee 24.40 ; 31.70 23.20 


‘ — _ 
A, i, a —" 
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per hr. escaping in the flue gas, h,—the B. t. u. per hr. pass- 
ing through the floor, and h, = the B. t. u. per hr. passing through 
the furnace front. If A;—the total sq. ft. of heating sur- 


: uy 
face in the furnace, the {— = H'; = the mean heat emitted per sq. ft. 


of total heating surface per hr. This is shown plotted against com- 


bustion rate in Figs. 44 and 45. These curves should not be used ex- 
cept in designing furnaces of the same type and distribution of heat- 
ing surfaces as those tested. 

In order to obtain the heat emitted by the various sections of the 
heating surface, an indirect method of calculation must be used. This 
method is based on the equation 


H=KA (t—t?’) 


in which H = the heat emitted per hr. by any surface, K — the emis- 
sivity coefficient or B. t. u. per hr. emitted per sq. ft. of surface per 
deg. difference in temperature between surface and air, A — the area 
of the surface in sq. ft., {= the mean temperature of the surface and 
t’ the mean temperature of the air surrounding the surface. The 
heat emitted by any section can be calculated if K, A, t, and ¢’ are 
known for the given section. A and ¢ were measured for each section, 
and K and ¢’ had to be determined otherwise. : 

The mean K» could be determined from this equation provided 
the mean total heat emitted H; was known. The air temperature ?’; 
was obtained by taking the mean of the inlet and bonnet temperatures. 
The mean temperature of the total surface was obtained by weighting 
the mean temperatures of the ashpit, firepot, combustion chamber, and 
radiator in proportion to their various areas. This weighting was 
accomplished by means of the equation 


Agta + Ap ty + Ac te + Ar ty 
van ga 20a ae 


in which A is the area in sq. ft. and ¢t the temperature of the surface, 
and the subseripts refer to the ashpit, firepot, combustion chamber, 
radiator and total surface respectively. 
Then 

Hi, 


Ky. = —————- 
"As (t+ —t't) 

Since K», is a funetion of (t;— t's), the values of Kn have been 
plotted against this mean temperature difference between heating sur- 
face and air and are shown for the various furnaces in Fig. 46. Tf 
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Fig. 46. Herat EMISssION COEFFICIENT CURVES 


this value of K,, is valid for a given temperature difference for the 
whole heating surface it should be valid also for any given section 
at the same temperature difference between surface and air. 

It was impossible to measure t’, the mean temperature of the air 
surrounding each section, and therefore an estimation of this tempera- 
ture was made. The total temperature range between inlet and bonnet, 
however, was not great and hence chance for any great error was 
eliminated when this was divided up to give the mean air temperature. 

In order to obtain the heat emission from any given section, for 
example the firepot, 

Hy = Km Ap (tp — U7) 
t; was taken from the observed mean temperature and t’; was estimated 
using the total temperature rise from inlet to bonnet as a guide. A 
value of Ky», corresponding to (t;—?t’;) was then chosen from the 


el 
eurves in Fig. 46. The calculated values of H’ ——- have been plotted 
against combustion rate and are shown in the curves of Figs. 47 to 50. 
As a final cheek on the validity-of A, and the estimated tempera- 
tures t’, the relation 
HH, -Ap Sy Ags BF Ap 4 He Ac + EE, Ar 
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must exist between the curves in Figs. 43 and 44 and those in Figs. 
47 to 50. When this test was applied to the heat values calculated 
from the various tests, it was found that in the majority of cases the 
sum 


Hd H, Ay eT eh, a ed 


did not deviate from H;, which was caleulated primarily from the 
heat value of the coal, by more than 7 per cent and that the deviation 
was sometimes negative and sometimes positive. Hence the curves 
may be accepted as representing the mean heat values to within about 
5 per cent. 

Part of the heat emitted from the heating surfaces is radiant heat, 
and part is given by conduction and convection to the air passing 
through the casing. Part of the radiant heat is lost and part is ab- 
sorbed by secondary surfaces, such as casing linings, and is then given 
to the air by conduction and convection. The proportion of the heat 
emitted that actually went into the air circulated, and appeared as 
heat in the air at the bonnet, is given in the curves in Fig. 51. The 
heat required at the bonnet divided by the factor taken from these 
curves would give the probable heat emitted by the heating surfaces, 
which could then be used in connection with the curves in Figs. 44, 
45, 47, 48, 49 and 50 to proportion the heating surfaces. 


37. Discussion of Results and Conclusions —AlII| of the heat emis- 
sion curves indicate that the heat emitted from the heating surfaces 
is independent of the type or size of casing or bonnet, since the points 
representing tests on any one type of casing or bonnet do not show 
a marked tendeney to fall on only one side of the curves. 


The spread of points in the curves in Fig. 51 proves that the 
heat absorption by the air circulated was affected by variations in 
the types of casings used. However, the spread is not sufficient to 
preclude drawing a mean curve that may be used to represent the 
average performance of the different types of furnaces tested. 


While the curves may not be used to compare the relative merits 
of the types of furnaces tested, they do indicate that in general when 
the ratio of heating surface to grate surface is low the unit heat 
emission is high, but that the higher unit emission is brought about 
by correspondingly higher surface temperatures. Furthermore, while 
the curves seem to indicate considerable spread in the unit heat emis- 
sion for the different furnaces, the total heat emission is very nearly 
the same for all because different total heating surface areas are in- 
volved. It is also significant that the unit heat emission for the eom- 
bustion chamber is approximately the same for all furnaces tested, 
since conditions within the combustion chamber are practically 
identical and the surface temperatures are very nearly the same. ; 


gt 
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The curves in Figs. 47 to 50 show that the ashpit is effective 
heating surface, although it is not ordinarily included as such. It 
should also be noted that these curves show the relative unit heat emis- 
sion for the various sections and that the relative values of the different 
sections themselves will be different from these, inasmuch as the unit 
values must be multiplied by the corresponding area of the section 
before comparison can be made. 


The curves in Fig. 48 show that the unit heat emission from the 
firepot decreased with increasing combustion rates when bituminous 
coal was used. This may be accounted for by the fact that as the 
draft increased more air was drawn through the slots in the firepot 
and produced a cooling effect on the pot. The temperature curves 
in Fig. 40 also lend weight to such an hypothesis. When the slots 
in the firepot were sealed the unit heat emission became higher. At 
the same time the unit heat emission for the combustion chamber 
decreased which seems to indicate that the combustion above the fuel 
bed was retarded due to lack of air when the slots were sealed. The 
temperature in the fuel bed of the cast-iron circular-radiator furnace 
is shown in Fig. 43. This temperature varies from 1800 to 2700 
deg. F. It is evident that there is a temperature difference of ap- 
proximately 1350 deg. F. between the fire and the outer surface of 
the firepot, indicating that even in unslotted firepots air passes between 
the fuel bed and the inner surface of the firepot. This air cireula- 
tion acts to cool the metal and to make it possible to operate at high 
combustion rates without melting the firepot. 


XIII. Errect or INNER CASINGS AND RADIATION SHIELDS 
ON FURNACE PERFORMANCE 


( TEsts 18-26, 39-63, 74-82, 94-97 ) 


38. General Statement.—In this chapter of the bulletin are in- 
cluded discussions of the results obtained with various types of lin- 
ings inside of the furnace casing. The function of all such linings is 
to increase the heating capacity of the furnace by decreasing the 
loss of heat from the casing and by increasing the temperature of the 
air in the system. Increases in the temperature of the air are reflected 
in increased velocities of air flow and hence in eapacity. 

39. No Inning.—In connection with the study of casing size, 
discussed in Chapter VII, tests of four diameters of unlined casings 
were made. In these tests a single thickness of galvanized iron separ- 
ated the moving air stream from the exterior atmosphere. This series 
of tests has been used as a basis of comparison for the lined easing 
tests. The furnace used was of the cast-iron circular-radiator type. 


ae 
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The connections to the furnace were identical in all four cases, 804 
Sq. in. of recirculating duct area and 808 sq. in of leader pipe area 
being provided. In Fig. 21 the dotted lines represent the perform- 
ance of the four sizes of unlined casings. 

40. Black-Iron Lining—Three of the four casings were tested 
with black-iron sheet linings spaced 1 inch from the casing and ex- 
tending from the top casing ring to the grate level as shown in Fig. 52. 
The performance with the three different casing sizes may be 
observed in Fig. 21 in the full lines. It is evident that the lined 
casings gave decidedly higher efficiencies, capacities, and register air 
temperatures than the unlined casings. It should be noted that the 
linings were not as effective in increasing the capacity when the cas- 
ing was of small diameter as when the casing was of large diameter. 
The following table illustrates this point with data taken from the 
eurves of Fig. 21. 


TABLE 11 
EFFECT OF LININGS ON CAPACITIES OF FURNACES 


Casing Casing : . Per Cent Gain 
hes igen Agen. Capacity - eee for 7 Ib. Nie akin Tinediawer 
in. sq. in. ate, B. t. u. per hr. Unlined Casings 
| 
Lined | Unlined 
| 
50 . 716 147 000 137 000 7.3 
52 860 135 000 123 500 9.4 
56 | 1155 142 500 | 130 000 9.6 


The effect of increasing the distance between the casing and the 
black-iron lining from 1 inch to 2 inches indicates some advantages in 
favor of the wider air space. An average gain of 2 per cent in capacity 
was obtained by this increase, the gain being greatest at low combus- 
tion rates. ; 

The heat-loss caleulations based on observed casing surface tem- 
peratures showed that the heat losses from the furnace with a 2-inch 
air space between casing and lining were less than for the same fur- 
nace with a 1-inch air space. The lower temperatures of the casing 
surface when the 2-inch air space was used indicated that a greater 
proportion of the air passed between casing and lining. ; 

41. Bright Tin and Asbestos Paper.—A second comparison was 
made to show the relative value of (a) the 1-inch air space with black- 
iron lining and (b) a corrugated bright-tin lining backed with asbestos 
paper, pasted to the casing. In Fig. O38 the performance curves for 
furnaces having the two types of lining are shown. As may be 
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observed from Fig. 53 the air-space lining proved the more efficient, 
the capacity averaging about 2 per cent higher than for the asbestos 
paper and tin lining. 

_ 42. Radiation Shield—A third test made with a eylindrical 
shield of black iron, located as shown in Fig. 52, showed that such 
shields placed adjacent to the hottest surfaces, so as to intercept a 
large part of the radiant heat, improved furnace performance. This 
is true when the increased heating effect and the increased motive 
head due to the flow of air of higher temperature are not offset by 
the resistance of the shield to the flow. 

In the tests the shield of black sheet iron was so located as to 
divide equally the area of the air stream at the elevation of the top 
of the firepot. As shown in Fig. 52 the shield carried a detachable 
apron which extended 6 inches below the level of the grates. The re- 
sults of the tests on this equipment are embodied in the curves of 
Figs. 54 and 55. From these curves the following conclusions may 
be drawn: 


(a) Marked increases in furnace efficiency, capacity, and 
register air temperature resulted from the use of the radiation 
shield, the increase in capacity amounting to 7.5 per cent at an 
average rate of combustion. 

(b) No difference could be detected between the perform- 
ances with the short and the long shields. This fact may be ob- 
served in Fig. 54 in which points representing tests with both 
types of shields lie on a common curve. 

(c) The actual heat available at the registers of the plant, 
Fig. 55, for any assumed rate of combustion was increased ap- 
proximately 8.5 per cent by the use of the shield. This increase 
was the combined effect of higher air temperatures at the reg- 
isters and a greater weight of air flowing. 

(d) Intercepting the radiant heat from the hot castings 
reduced the casing temperatures from 150 to 105 deg. F. at low 
rates of combustion and much more at high rates, and reduced the 
heat losses about one-fourth, or 3 per cent of the heat of the fuel. 

(e) The temperature of the shield ranged from 310 to 510 
deg. F. approximately the same as the temperature of the ashpit. 


(See Table 2.) 


43. Friction—Casing linings, of the various types discussed in 
this chapter, are useful in increasing the capacity of furnaces but it 
should be understood that the increased capacities are attended by in- 
creased register air temperatures. These increases 1n are rane 
may be proportionally greater than the capacity gains, and hence for 
the same register air temperatures, casing linings may actually cause 
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reductions in furnace capacity. That this was true in the tests in 
which the corrugated-tin and asbestos paper and the sheet-iron linings 
were added to an unlined casing may be observed in Fig. 56. Inas- 
much as the density of the air at the registers is a function of the 
temperature at the registers, it is evident that at the same register air 
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Fic. 56. FRICTIONAL RESISTANCE OF LININGS 


temperature any reduction in capacity due to linings must be the 
result of a decreased weight of air flowing. A decrease in the weight 
of air flowing must be the result of added resistance, and the curves 
of capacity based on register air temperature have been assumed to 
be indicative of the frictional resistance of inner linings or other 
obstructions in the warm-air stream. Theoretically these curves do 
not indicate the friction of the linings but rather a composite of lining 
friction, altered friction in the system caused by changed velocity, 
and changed heat losses from the system. 


XIV. InsvunLATION AND Heat Loss or FURNACE 


( Tgests 18-124 ) 


44, General Statement.—In all the tests conducted on piped fur- 
naces, temperatures of the bounding surfaces have been observed for 
the purpose of ascertaining the amount of the heat loss and the 
distribution of the loss from the various parts of the exterior surface. 
Tests were also conducted in which these various surfaces were 
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insulated and the effect of the insulation upon performance was ob- 
served. : 

45. Method and Procedure.—Temperatures of the surfaces were 
determined by means of thermometers cemented in contact with the : 
surfaces with plaster of Paris. Such temperatures are less than the 
true surface temperatures but corrections for the thermometer read- 
ings were obtained, by the application of thermocouples, and added 
to the readings of the thermometers. Fifteen temperatures were ob- 
tained on the various surfaces which included cast front, galvanized- 
iron bonnet, casing proper, recirculating connection, and the concrete 
floor beneath the furnace. All of these surfaces emitted heat to the 
surrounding atmosphere and objects by convection and radiation and 
the calculation of the losses was made as follows: 


H==K A (t;—1,) =B. t. u. per hr. 


in which A represents the exposed area in sq. ft., ¢; the surface tem- 
perature, t the temperature of the surrounding atmosphere, and K 
the corresponding coefficient of emissivity. In Fig. 57 the curves show 
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values of the coefficients of emissivity obtained in previous tests,* and 
also some plotted from the results of other investigators.t 


* “Emissivity of Heat from Various Surfaces,’ Uniy. of Ill. Eng. Exp. Sta. Bul. 117 
1920. 


{ L. B. McMillan, T. S. Taylor, F. Wamsler. 
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In the case of the concrete floor, it was necessary to calculate the 
heat absorbed by the mass of concrete as well as the heat emitted to 
the atmosphere below the 10-inch concrete floor upon which the fur- 
nace was located. 

46. Discussion of Losses—The results of the heat-loss caleula- 
tions for the cast-iron circular-radiator furnace with unlined casing 
52 inches in diameter are contained in Table 12. In this table the 
distribution of the losses in percentage of the heat of the coal, the 
actual hourly loss, and the corresponding surface temperatures are 
given for a wide range of register air temperatures. 


TABLE 12 
Heat Losses FROM A PIPED FURNACE 


Register Air ees: | 
Temperature Front | Bonnet | cate Un- Recircu- Floor Total 
deg. F. ames Casing} lating Shoe | 
{ 1 
Loss in Per Cent of Heat of Coal 
130—Low .....=...... 4.70 2.10 6.40 1.50 4.30 19.0 
160—Moderate re 5.20 2.10 7.60 1.30 4.20 20.4 
190—High ..........: 4.40 1.50 7.00 1.20 3.30 17.4 
Actual B. t. u. Loss per hr. 
130 ——HOW sc iascne secs | 6 060 2711 8 260 1 935 5 540 24 500 
160—Moderate ....... 12 630 5 100 18 450 3 160 10 200 49 600 
190—High .... ...... 20 700 7 050 32 900 5 640 15 500 81 800 
Actual Surface Temperatures—deg. F. 

130—Low ........... .| 294 1S5 uk Din Se Oma mesOl aa 
160—Moderate ....... 400 225 290 130 PO UMN |)  Srexene: oor 
190—Highi 25.3.5. -k es < 475 300. 380_ — 145 5865. cveeetennhc : 


The values given in Table 12 are indicative of the losses which 
occur in actual installations. It should be observed that the tempera- 
tures are exceedingly high, the hourly losses are very great, and the 
percentage of the heat of the fuel which is represented by the losses 
from the furnace surfaces denotes a lack of economy. 

As an extension to Table 2 of general test data Table 13 presents 
distributed heat losses for representative groups of tests. The register 
air temperatures and the combustion rates listed will facilitate com- 
parison and analysis of the data. 

From Table 13 it may be seen that a greater percentage of the 
heat of the fuel burned was lost from the surfaces at the low rates 
of combustion than at the high rates although the difference was only 
one-fifth of the total heat lost. The losses were highest for the furnace 
with casing 52 inches in diameter, and reference to Fig. 21 will show 


102 


TABLE 13 
DISTRIBUTION oF HEAT LOSSES — PIPED FURNACE TESTS 
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Loss in Percentage of Fuel Total 
Test Equiv. Reg. Comp B. As Roast 
No. Air. Temp. Rate- Fl B t Casing | Recir. Cast Po ae Per Cent 
deg. F. oor onne Pecper |e Blise is) of Coal 
18 177.5 9.65 8.00 1.60 6.50 0.93 4.03 2150 16.80 
19 195.0 13.49 3.34 2.17 8.12 1.28 4.61 2496 19.50 
20 156.0 6.52 4.72 1.93 7.14 1.41 5.12 2595 20.30 
21 140.0 4.40 4.05 2.19 7.12 1.95 5.00 2600 20.30 : 
22 121.5 2.95 4.27 1.96 5.34 b By f 4.33 2260 17.70 
23 190.5 12.93 3.40 1.76 5.70 1.40 3.55 2020 15.80 ' 
24 176.5 10.55 3.38 1.47 6.24 1.31 2.92 1960 15.35 
25 179.5 10.75 3.47 1.91 8.04 1.46 4.53 2500 19.55 
26 188.5 13.04 3.51 1.59 7.06 1.35 4.67 2185 17.10 
Group 5—56-in. Unlined Casing 
46 174.0 8.62 4.03 1.46 3.00 0.88 5.12 1855 14.50 
48 124.5 2.93 4.17 2.83 3.47 1.56 5.73 2270 aby aR) 
49 150.5 5.34 5.42 1.50 3.29 1.25 5.74 2197 17.20 
50 173.0 9.15 3.50 1.45 3.32 1.29 5.05 1870 14.61 
51 193.0 12.70 3.45 1.41 3.39 1.18 4.98 1841 12.70 
Group 8—56-in. Lined Casing, Black Iron, 1-in. Air Space 
61 130.5 3.13 2.47 1.83 2.67 1.67 4.62 1695 13.30 
62 153.5 5.12 2.66 1.55 2.61 1.44 4.29 1605 12.60 
63 180.0 8.37 2.85 1.42 2.48 1327 3.61 1487 11.63 
Group 7—56-in. Casing, Corrugated Tin Lining 
57 203.5 12.24 2.82 1.83 1.08 1.38 5.85 1657 12.95 
58 156.0 5.63 3.12 2.37 1.34 1.39 6.70 1905 14.90 
59 132.0 3.38 2.53 1.96 1.46 1.55 6.38 alee ds} 13.90 
Group 11—52 in. Black Iron Lined Casing 
74 156.0 5.24 2.69 2.57 2.80 1.45 3.29 1635 12.80 
75 186.5 9.45 270 2.43 2.68 1.41 2.64 1516 11.86 
76 169.0 7.24 2.58 2.54 2.69 1.21 3.08 1545 12.10 
- 
Group 12—52-in. Casing with Lining and Radiation Shield ad 
78 192.5 9.50 1.96 2.97 * 1.09 1.02 2.18 1178 9.22 
79 154.5 4.65 1.92 3.27 1.09 pa 2.95 1325 10.35 
80 165.5 6.10 2 01 3.04 0.96 1.00 2.41 1204 9.42 
Group 20—Steel Furnace 52-in. Casing, 1-in. Air Space, Black Iron Lining 
107 177.0 8.90 2.45 4.45 1.50 Oe, 2.54 1497 sty uk 
108 146.5 5.32 Dek 3.24 1.70 0.98 3.32 1530 11.95 
109 160.0 6.51 3.70 4.86 Ne 0.99 3.28 1861 14.55 
110 183.5 9.83 2°83 4.62 1.484 0.94 2.78 1618 12.65 
Group 23—Crab Radiator Cast Furnace, 52-in. Casing, 1-in. Air Space, Black Iron Lining 
120 178.5 8.97 2.66 2.65 2.64 4.18 1731 13.55 
121 156.5 6.14 2.34 2.50 2.54 4.39 1695 13 125 
123 162.5 7.15 2.55 2.27 2.37 3.68 1600 12.50 
124 136.5 4.09 2.51 2.23 2.28 2.08 1353 10.60 
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that the furnace was least efficient with this diameter of casing. By 
comparing groups 1 and 5 with groups 11 and 8 the effect of linings. 
may be observed to have amounted to a saving of 5 per cent of the 
fuel. In the table may be found heat losses for furnaces of three 
types, cast-iron with circular radiator, steel with crescent radiator, 
and cast-iron with crab radiator. 

47. Tests of Insulated Furnace.—The reduction of the heat lost 
from warm-air furnace exteriors constitutes one of the most im- 
portant yet difficult problems in warm-air furnace heating. Better 
installation and design of furnaces with a view to minimizing friction 
and obstruction of the fiow of air is the most obvious solution of the 
problem but cannot result in complete elimination of the losses. 

Insulation of the surfaces has been suggested. A series of tests 
was conducted on a furnace with insulating materials applied to the 
east front, the bonnet and the floor surrounding the ashpit section. 
In Fig. 58, these insulations are indicated and described. The fur- 
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nace was lined with a black-iron sheet spaced one inch from the casing 
and extending from grate to top casing ring elevation. Table 13 
shows that the loss of heat from this 56-inch casing was 2.6 per cent 
of the heat of the fuel, and since the casing surface was large and the 
possible saving only 2.6 per cent the surface was not insulated. A 
view of the insulated furnace is shown in Fig. 59. 
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Fic. 59. Front View or INSULATED FURNACE 


48. Results of Tests—The results of the tests are embodied in 
the performance curves of Fig. 60 and Table 14. From the curves it 
may be noted that for the same combustion rate substantial increases 
in capacity and efficiency resulted from the insulation, and that higher 

register air temperatures were obtained. The efficiency of the furnace 
increased from 60 per cent to 66 per cent at the moderate combustion 
rate of 6 pounds. 

In Table 14 are listed the values representing available heat above 
70 deg. KF. at the register for warming the rooms with the correspond- 
ing percentage increase resulting from insulation of the furnace, 

The principal reduction in heat loss was obtained from the fur- 
nace front, although some saving resulted from the insulation of both 
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bonnet and floor. In the ease of the floor proper, insulation was im- 


possible as the ashpit bottom rested upon bosses only one-fourth inch 
above the floor. 
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Fig. 60. PERFORMANCE OF INSULATED FURNACE 


TABLE 14 


Heat AVAILABLE AT REGISTER ABOVE 70 DEG. F. FoR INSULATED AND 
UN-INSULATED FURNACES 


B. t. u. per hr. Available at 
Register Air Combustion Rate Registers above 70 deg. F. ee 
Temperature lb. per sq. ft. per hr. = : — ain 
see® Not Insulated | Insulated 
130—Low ...... 2.8 59 000 66 000 care 
160—Moderate. . 5.7 98 non ne es ; 
190—High ...... 9.5 139 00! | 52 
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The gains were significant and indicated that substantial saving 
in fuel might be made in average installations by the application of 
insulations similar to those used in these tests.. 


XV. InsuLATION AND Heat Loss FroM LEADERS 
( Tests 18-26, 68-73 ) 


49. General Statement—aAn analysis of the temperature drop 
in and loss of heat from the leader pipes of the piped furnace plant 
has been made for the series of tests 18 to 26 inclusive, Table 2. The 
leaders were covered in the usual manner with asbestos paper and the 
sizes and arrangement are shown in Fig. 3. The air temperature 
drops and the corresponding percentages of heat lost in the leaders 
and stacks are shown in Table 15. 
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TABLE 15 
Heat Losses FROM LEADERS AND STACKS 
Equivalent Av. Temperature Drop Percentage of Heat of 
Test Register Air Air at Bonnet Lost 
No. Temp. 
deg. F. In Leaders In Stacks 
deg. F. deg. F. In Leaders In Stacks 
18 Iidieo) oa d335 7.5 10.05 | 3.70 
19 195.0 ° 14.5 8.5 9.45 3.45 
20 156.0 11.5 4.5 10.75 2.60 
21 140.0 10.0 4.0 11.25 2.85 
22 121.5 8.0 3.5 Th.75 3.34 
23 190.5 14.0 8.5 9.45 3.45 
24 176.5 130 7.0 10.25 4.00 
25 179.5 135 8.0 9.95 3.70 
26 188.5 14.0 vas 9.45 3.20 


The losses are given in the last two columns of the table. These ~ 
values represent percentages of the heat of the air at the bonnet and 
are significantly large. The temperature drops are also given in the 
table, and it is apparent that it was necessary to heat the air at the 
bonnet to an average temperature 18 deg. F. higher than that at which 
it was delivered at the registers, and 12 deg. F. higher than that at 
which it was delivered to the stacks. Furthermore, it should be borne 
in mind that, at a furnace efficiency of 60 per cent, the losses in terms 
of coal consumed would be 1+ 0.6 = 1.66 times as great. 

D0. Tests of Insulated Leaders—The tests which are discussed 
in this section of the bulletin were run to determine the effect (1) on 
furnace efficiency and (2) on heat available at the register resulting 
from insulating the leader pipes. It has been found that a material 
reduction in the heat loss from the leader pipes may be secured by 
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suitable insulation. As this means less heat lost to the basement it 
would therefore appear to be good practice to insulate all warm-air 
pipes. However, since this saving in heat loss corresponds to a re- 
duction of the average temperature on the warm-air side of the plant, 
for a given register air temperature, it was suspected that it might 
therefore involve the slowing down of the flow of air and the reduc- 
tion of the furnace heating capacity. 

An understanding of the fundamental condition governing the 
flow of air in a gravity heating system will aid in the explanation of 
the paradoxical fact that effective insulation of the warm-air pipes 
against the loss of heat may actually reduce the capacity of the plant 
for heating. This fundamental condition is that the difference in the 
mean densities of the heated air in the pipes and the cooled air in the 
recirculating system must be as great as possible for the maximum 
- flow of air through the system. Any increase in the mean density, 
or weight per cubic foot, of the warm-air column, or decrease in den- 
sity of the cool air column, will have the effect of decreasing the velo- 
city of flow. This chapter deals with a series of tests in which the 
effect of this principle was apparent although the tests were conducted 
to show the increase in economy which might be obtained by warm-air 
pipe insulation. 

51. Description of Tests—The furnace was the same as that 
used in the insulated furnace tests, Figs. 58 and 59. The furnace in- 
sulation was not removed. The series of tests on the main plant with 
leaders covered with three-ply air-cell paper of 34-inch total thickness 
consisted of six complete efficiency tests covering the range of com- 
bustion rates from 3 to 11 Ib. per sq. ft. of grate surface per hr. 

In addition, corroborative data were obtained from two other test 
plants, both of which were equipped with only one leader pipe. These 
two auxiliary plants were not fundamentally different, except in the 
manner of supplying and measuring the heat input. In one case, 
this was done by weighing the condensate from steam heating coils, 
and in the other by metering the electrical input to electrical heating 
coils. Views of the steam-heated auxiliary testing plant have ap- 
peared, in Bulletins 112, 117, and 120 of the Engineering Experiment 
Station* and the electrically heated plant is is described in Chapter II 
and Fig. 4 of this bulletin. 

The covering material used in the insulation of the pipes was 
14-inch corrugated asbestos paper, ordinarily known as ‘*air-cell”’ 


* “Report of Progress in Warm-Air Furnace Research,” Univ. of Ill, Eng. Exp. Sta., 


Bul. 112, 1919. 
“Bmissivity of Heat from Various Surfaces,” Univ. of Ill., Eng. Exp. Sta., Bul. 117, 


1920. 
“Investigation of Warm-Air Furnaces and Heating Systems,’’ Part I, Univ. of Ill., Eng. 


Exp. Sta, Bul. 120, 1921. 
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asbestos. No alterations were made in the wall stacks or in the artifi- 
cial studding surrounding the stacks. In the tests used for compari- 
son and reported in Chapter XIV, the pipes were covered with one 
thickness of 10-pound asbestos paper. Reference to Bulletin 117 will 
show that the air-cell asbestos proved a superior insulating material. 
Reference to Fig. 61 will show that the temperature loss of the air in 
the leader pipes was reduced two-thirds at high temperatures and 
over one-half at low temperatures by the air-cell paper. 

52. Results of Tests on Main Plant.—In Fig. 62, the results of 
the tests under the two conditions, (1) plain asbestos paper and (2) 
air-cell asbestos, are shown in graphical form. Both efficiency and 
capacity were seriously reduced by the covering of the leader pipes 
with air-cell asbestos. Register air temperatures differed only slightly 
for the two conditions, but were low for the high combustion rates, 
with air-cell asbestos covering. The information contained in these 
performance curves of Fig. 62 must be clearly understood, for capacity 
and efficiency are based on the heat put into the air at the point of 
exit from the furnace bonnet and are not based on the available heat 
delivered. at the register. The reduction in capacity amounted to 
8 per cent. 

In Fig. 63 a condition similar to that represented by the capacity 
curves in Fig. 62 is shown. Here capacity was plotted against reg- 
ister air temperature and it was found that for the case of the air- 
cell insulated pipes the capacities were lower. This reduction in 
capacities may be easily explained, for since less heat is lost through 
the covered pipes, less capacity need be provided at the furnace 
bonnet to maintain a given register air temperature. 

The reduction in efficiency is readily explained. It may be ob- 
served that the curves of Fig. 64, representing weight of air handled 
by the furnace, diverge rapidly for increasing combustion rates, the 
air-cell insulated leader pipes being responsible for the reduction. 
The reduced velocity of flow of air resulted in higher radiation losses 
from the furnace casing surfaces and hence in lower efficiency. 

The reduced velocity of flow may also be readily explained. For 
a given register air temperature, or at a given combustion rate, with 
the pipes protected against loss of heat it is not necessary to have 
as high a temperature at the bonnet, or as high a mean temperature 
on the warm-air side of the system. Hence the motive head is reduced 
by the increase in the mean density of the air in the warm-air pipes. 

The final estimate of the efficiency of insulating heat pipes must 
be based on the heat available at the register. On this basis, the tests 
showed that at the higher combustion rates the air-cell insulated plant 
delivered less heat at the register, and that at lower combustion rates 
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(below 7 pounds) the air-cell insulated pipes had only a negligible 
advantage. This is shown in the heat available curves of Fig. 64. 

58. Results of Tests on Auxiliary Plants—The results obtained 
in the tests on the main plant were corroborated by tests carried out 
independently on two auxiliary testing plants, referred to in this sec- 
tion of the bulletin as the electrically heated and the steam heated 
plants. 

Figs. 65 and 66, and the tabulated data which they exhibit, show 
the results of tests on a second-floor and first-floor pipe respectively 
with the electrically heated plant. The data in these two tables show 
that the same conditions existed in these tests as were observed in the 
tests on the main plant, namely, lower efficiencies and bonnet 
capacities for the given register air temperatures in the case of the 
air-cell insulated pipe. The reductions in capacity, 6 and 12 per cent 
for first and second floors respectively, averaged 9 per cent. Reference 
to Fig. 62 will show that the reduction in capacity of the main plant 
when the pipes were insulated was also 9.0 per- cent. 

It will likewise be observed (Figs. 65 and 66) that at the tempera- 
ture of 166 deg. F. at the register, the heat delivered at the register 
per unit of heat supplied to the furnace was the same for air-cell in- 
sulated and asbestos paper covered pipes. This corroborates the re- 
sults obtained in the main plant and shown in Fig. 64, in which at 
a combustion rate of 6.5 pounds (corresponding to a temperature of 
166 deg. F.) the curves representing heat available at the register 
coincide. 

Further corroborative evidence was found in tests carried out 
on a furnace similar to the electrically heated one, but heated by 
steam coils. A stack 14 feet high connected to a leader 10 inches in 
diameter by 10 feet long showed a reduction in heating effect at the 
register, due to insulating the leader pipe with air-cell asbestos, of 
8 per cent at 166 deg. F’. register air temperature. In this apparatus, 
the point of equal heat available, that is, the point of intersection 
of the curves, was at 130 deg. F. register air temperature instead of 
166 deg. F. A first-floor pipe on the same furnace showed a reduction 
of 7 per cent in heat available at the register air temperature of 166 
deg. I’. for the air-cell insulated case, and the curves representing the 
two conditions intersected at 130 deg. F. register air temperature. It 
should be noted that the leader pipe in the steam-heated furnace tests 
was almost twice as long as those used in the main furnace plant, and 
that exact agreement could not therefore be expected. The general 
result is, however, corroborative. 

54. Conclusions—The use of the insulating material on the 
leader pipes as applied in these tests showed no beneficial effect on 
furnace economy or heating capacity. 


— - _ , 
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The results described in this report do not apply to insulation of 
the furnace proper. It has been demonstrated that marked economy 
may be obtained by furnace casing insulation. 


XVI. InsuLatTion AnD Heat Loss or Wau Sracks 


55. General Statement—It was explained in Chapter XV that 
conditions which cause a reduction in the mean temperature of the 
air in a gravity system for a constant temperature of discharge at the 
register cause a reduction in the heating effect obtainable. The effect 
of this principle has been studied in relation to wall stacks in addi- 
tion to leaders. In Table 15, average losses of temperature and of 
heat are given for the stacks of the piped furnace plant (Figs. 1, 2, and 
3) which were enclosed in studding spaces. Half of these stacks were 
of single-wall and half of double-wall construction. These losses are 
representative of the losses which occur in installations but are not 
applicable to all conditions, for in Figs: 16 and 17 it may be observed 
that the temperature drop in stacks varies with the size of the stack 
and with the size of the connected leader. 

In Fig. 14 the differences in temperature between furnace bonnet 
and registers for all the stacks tested on a 10-inch leader are plotted 
against register air temperature. Figure 15 presents similar informa- 
tion for those systems in which the leader pipe was 8 inches in diam- 
eter. Fig. 16 shows the drop in temperature in the stacks only, for 
those stacks which were connected to a 10-inch leader, and Fig. 17 
gives the same information for stacks connected to an 8-inch leader. 
A comparison of the two figures will show that the temperature drop 
in air flowing in the stacks was greater when the small leader was 
used than when the larger leader was used. 

The curves in Figs. 14 to 17 inclusive showing the relation be- 
tween temperature drop in the stacks and leaders and register air 
temperature are straight lines. The drop in temperature in any 
particular stack is equal to the temperature increase at the register 
multiplied by a constant within the range shown. The value of this 
eonstant varies with the different stacks. As might be expected the 
temperature drops for the single-wall stacks were greater than for the 
double-wall stacks. For a given register air temperature, the tem- 
perature drop in the leader pipe may be determined by subtracting 
the drop in the stack alone as given by the curves of Fig. 16 from the 
drop in both leader and stack as given by the corresponding curves 
of Fig. 14. 

Figure 67 was prepared for the purpose of showing the relation 
between the stack size and the temperature losses for a constant 
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register air temperature. It is very evident that as the stacks were re- 
duced in size at a uniform rate the temperature drops in the leaders 
and stacks increased at a greater rate. 
wall and double-wall stack installations. 
conditions were different, since the double-wall stacks actually showed 
a lower temperature loss for the small sizes than for the large ones, 
and the single-wall stacks showed only a slightly greater loss for the 
By taking the difference between the 
upper and lower curves, for either double-wall or single-wall stack, 
and thus obtaining the amount of temperature drop in the leader, it 
will be seen that the loss of temperature in the leader, unlike the 
loss in the stacks alone, was much greater when the smaller size stacks 
were connected to the leaders than when the larger ones were used. 
This serves to explain why the efficiency for the whole system, Fig. 77, 
is much lower when small size stacks are used. 
that the temperature drop in the leader was greater than the drop in 


small sizes than for the large. 
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56. Single-Wall and Double-Wall Stacks.—The question of the 
relative value of single-wall and double-wall stack construction has 
been given considerable attention in the tests with the auxiliary plant. 

In Fig. 74 it is shown that a single-wall stack delivers a greater 
heating effect for a given size stack than does a double-wall stack at 
the same register air temperature, or conversely, that a larger size © 
double-wall stack must be used to obtain equal heating effect. At the 
same time the heat input curves at the bottom of Fig. 74 show that 
more heat must be supplied to the furnace when the single-wall stack 
is used. This is borne out by the curves of Figs. 14, 15, 16, 17, and 
67, which show that if either a fixed register air temperature or a 
fixed heating effect is maintained with a single-wall stack the tempera- 
ture losses’ will be greater throughout the system than will be the 
ease if a double-wall stack of the same internal dimensions is used. 

The reason for this greater heating effect with single-wall stacks 
at a fixed register air temperature is that higher temperatures must 
prevail throughout the single-wall tin pipe system to make up the 
losses and consequently a greater motive head and velocity will exist. 
That this is true is evident by reference to Fig. 79 in which the 
velocity curve for single-wall stacks lies uniformly above that for 
double-wall stacks. 

Heating effect based on register air temperature is discussed in 
Chapters XVII and XVIII as a basis for design. In practice the 
heat input is controlled so as to produce the register air temperature 
necessary to give satisfactory heating with the particular installation. 
Single-wall and double-wall stacks may be compared on the basis of 
either heat input or heating effect but from the standpoint of maxi- 
mum conservation of heat they should be compared on the basis of con- 
stant heat input to the furnace. 

In Fig. 75 such a comparison is shown. The values in Fig. 75 
were selected from the heat-input—heating-effect curves of Figs. 72 
and 73. When the two types are compared on the basis of constant 
heat input to the furnace, it appears that the double-wall stacks are 
more effective than the single-wall, the difference amounting to 3 or 
4 per cent. But it should also be noted from the curves at the bottom 
of Fig. 75 that higher register air temperatures exist when the double- 
wall stacks are used. Figure 77 shows also that the efficiency of the 
whole system is higher when double-wall stacks are used. The double- 
wall stack no doubt owes its greater efficiency to the lower temperature 
losses in the system as is evident from the curves of Figs. 14 to 17 in- 
elusive. ; 

In addition to these comparisons it should be taken into con- 
sideration, however, that a much larger single-wall stack can be in- 
stalled in a given space. If, therefore, the comparisons are based on 
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the external dimensions of the two types, a different result may be 
obtained. For example, a 3-inch by 10-inch double-wall stack with 
a 10-inch leader has a stack to leader ratio of 0.382. By reference 
to the curves of Fig. 75 it is evident that a 3-inch by 10-inch double- 
wall stack will deliver 81 per cent of the maximum heating effect, 
whereas a 35-inch by 105£-inch single-wall stack with a 10-inch leader, 
and a stack to leader ratio of 0.49, will deliver 88 per cent of the 
maximum. The respective temperatures at the registers will be 210 
and 190 deg. F. 

57. Stacks in Studding Space.—The loss of temperature in a 
given weight of air flowing in a single-wall pipe will always exceed the 
loss in a double-wall pipe of the same internal size and shape in the 
same surroundings for a given heat input to the furnace. Hence 
the general differences between the heating effects to be obtained 
with the two types will be of the order described in this bulletin, al- 
though the magnitudes of these differences may not agree exactly with 
those recorded herein. This has been proved by tests of single-wall and 
double-wall stacks in plastered housings simulating partitions in the 
auxiliary plant and on the main plant as may be verified by reference 
to Table 6 in Bulletin 112 of the Engineering Experiment Station. 

Further, it should be pointed out that a single-wall stack in a 
protected studding space has heating characteristics somewhat similar 
to those of a double-wall stack. In such a ease, by referring to Fig. 
75, it is evident that the relative heating effect for the 35¢-inch by 
105£-inch single-wall stack may be further advanced from 88 per cent 
to the corresponding value for a double-wall stack, namely, 91 per cent. 

The conclusion as regards single-wall and double-wall stacks is, 
therefore, that from the standpoint of over-all thermal efficiency (heat- _ 
ing effect for a given heat input) with the same internal stack dimen- 
sions the double-wall stack excels, but with the same external dimen- 
sions the single-wall stack is to be preferred. ~ 

58. Vented and Unvented Double-Wall Stack—Tests have been 
conducted to determine the influence upon heating effect of permitting 
circulation of air through the space between the metal walls of double- 
wall stacks. Figure 68 shows the details of the stack and the vents 
which provide for the passage of air between successive stack sections. 
At each joint twenty-eight holes, each approximately one-fourth- 
inch in diameter, were provided and in the register box two large holes 
served as exits for the rising current of air in the air space of the 
double wall. Three conditions of venting were tested, (a) all vents 
open, (b) top and bottom vents sealed, and (c) vents sealed between 
all of the seven sections. 

The results of the tests are shown in the table of Fig. 68 and the 
curves of Fig. 69. The curves of Fig. 69 show that the heating effect at 
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the registers was increased when the vents were stopped, condition (c¢), 
the increase amounting to 8 per cent at low register air temperatures 
and diminishing to 2 per cent at high register air temperatures. No 
appreciable difference was observed between conditions (a) and (b). 

Observations made with a thermocouple soldered to the surface 
at the point indicated in Fig. 68 showed that at 198 deg. F’. at the reg- 
ister the surface temperature increased 2 degrees when the vents were 
sealed. Since at this high register air temperature the surface tem- 
perature changed only 2 degrees, it was concluded that no additional 
‘fire hazard would result from stopping the vents. 

The table of Fig. 68 shows that the average register air tempera- 
ture for the tests was 192 deg. F. and that the heating efficiency of 
the whole system as measured at the register ran highest for the sealed- 
vent stack. The efficiency was increased 


(65.2 — 63) 
63 


The results show that the non-vented stack had the greatest heat 
delivering capacity at the register because of the higher mean air tem- 
perature in the stack and the resulting greater motive head in the 
stack. The fact that surface temperatures of the tin were higher in 
the non-vented stack than in the vented stack is conclusive evidence 
that the mean air temperature was higher in the former. 


< 100 = 3.49 per cent. 


XVII. Sie@nrricance or ReGister Air TEMPERATURES 
(Tests 11-127 ) 


59. General Statement.—The significance of the air temperature 
at the registers of a gravity warm-air furnace heating system and its 
effect on both the weight and the volume of air circulated by such a 
system in order to heat a given building must be thoroughly under- 
stood before the data presented in the next two sections can be prop- 
erly interpreted and applied. The tests which have been reported in 
this bulletin (Table 2) show that the average air temperatures at the 
registers may range from below 120 deg. to above 220 deg. F., de- 
pending on the rate of combustion and the initial temperature of the 
entering air. In order to maintain a common basis of comparison, all 
tests have been corrected to an initial air temperature of 65 deg. F., 
and the corresponding register air temperature denoted as ‘‘equiy- 
alent register air temperature above 65 deg. F.,’’ is always reported, 
that is, equivalent register air temperature = observed register air 
temperature — observed initial air temperature + 65 deg. F. 
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Fig. 70. INCREASE IN WEIGHT AND VOLUME oF AIR REQUIRED FoR ConSTANT 
HEATING EFFECT AT VARIOUS REGISTER AIR TEMPERATURES 


60. Relation between Heat Available at Registers and Air Tem- 
perature at Registers—Apparently any register air temperature fall- 
ing between the limits of 120 and 220 deg. F. could be used for 
designing a furnace heating system. While this is theoretically pos- 
sible, reference to the following equation will show that as the register 
air temperature is reduced the weight and also the volume of air re- 
quired to supply the heat for a given building will increase very 
rapidly, the converse of this being equally true for an increase in the ~ 
register air temperature: 


H=W X 0.24 & (T —70) 
in which 
H —B. t. u. required per hr. for heating rooms to 70 deg. F. 
W = weight of air circulating, lb. per hr. 
0.24 — fraction of a B. t. u. required to raise 1 Ib. of air 1 deg. F. 
T = register air temperature, deg. F. 
70 = mean temperature of room at breathing line, deg. F. 


Since the heat available at the register, H, is to be fixed, various 
values may be substituted for the register air temperature, 7’, and the 
equation solved for the corresponding value of W, the weight of air. 
This process has been carried out in obtaining the values in Table 16 
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in which W is the weight of air required at five different register air 
temperatures. The percentage increase in W is shown for the various 
register air temperatures. These relative values of W are shown 
graphically in the ‘‘weight’’ curve of Fig. 70. 


TABLE 16 
EFFrrect oF VARIOUS ReEciIsteR AIR TEMPERATURES ON 
THE WEIGHT OF AIR REQUIRED TO GIVE A 
Constant HratT AVAILABLE 


Register Aur Temp, deg. Ey... .. - «see cece =< a1 175 160 150 140 130 


Rise (Reg. Temp.—lInlet Temp.).............- 105 90 80 70 60 


Relative Weight of Air in Terms of Weight 
Chak Woes by all Ueertan cornnicre eo neato UC OR: che 1.0 1.168 1.312 1.50 1.75 


Per Cent Increase over Weight at 175 deg. F..... 0 16.8 31.2 50 75 


The values given in Table 16, line 3, represent relative velocities 
of flow in the return ducts for the five cases. In the case of the warm- 
air pipes and stacks, however, a correction for the density of the 
warm air is necessary if velocity comparisons are to be made. The 
eurves of Fig. 70 show these relative weights and volumes referred 
to a register air temperature of 175 deg. F., which is a satisfactory 
basis for practical conditions of installation, and has been approved 
by the National Warm-Air Heating and Ventilating Association. 

Finally, it should be pointed out that not. only must a rapidly in- 
creasing weight and volume of air be circulated as the register air 
temperatures are decreased, if a given heating effect is to be produced, 
but also that the operating head available to move this increased 
weight and volume is being rapidly reduced at the same time. The 
selection of a proper air temperature at the registers is fundamental 
to the correct design and operation of a gravity circulating warm-air 
furnace heating system. 


XVIII. Heat-Carryine Capacity or LEADERS 


( Tests 11-16, 18-24, 38, 102, 122, 123 and Curve 4 Fig. 8 ) 


61. General Statement—Reference has been made in an earlier 
bulletin* to the application of the data obtained in this investigation 
to the design of furnace heating systems. In the preceding chapter 
it was shown that it is a fairly simple matter to show a very definite 
relation between the heat available at a register in B. t. u. per hr. 


* “Report of Progress in Warm-Air Furnace Research,” Univ. of Ill. Eng. Exp. Sta., 
Bul, 112, pp. 52-55, 1919. 
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and the register air temperature. Moreover, the test data from the 
main plant and the auxiliary plant, both of which are equipped with 
actual leaders and stacks, make it possible to compute the heat avail- 
able* per square inch of any leader for any of the tests. 


62. Results of Tests—It is possible to plot the heat available 
at a register per square inch of leader against the register air 
temperature, for any leader, stack, and register. This has been 
done for a great many tests on the main plant in which three different 
types of furnaces have been in operation, and also for the tests on 


*By “heat available’ is meant the heat in the air as it leaves the register face above 
70 deg. F., the mean temperature of the room at the breathing line. It is this heat which 
is available for making good the heat loss from the room, (See Section 11.) 
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the auxiliary plant.* The results of all this work appear in Fig. fA, 
and an analysis of the data brings out the following facts: 

(a) There is a large increase in the heat available at the 
register (sometimes referred to as heat carrying capacity of the 
leader) per square inch of leader, for any given leader and stack, 
as the register air temperature is increased. (See also Chapter 
XIX. 

ue There is a large increase in the heat available at the 
register per square inch of leader, for any given leader and stack, 
as the height of the stack is increased. This is especially true 
when increasing the height from first- to second-floor level. The 
increase from second- to third-floor level is not so marked. (See 
also Chapter XX.) 


63. Application of Results to Design.—It is quite evident that 
the design of a furnace heating system must be based on the B. t. u. 
loss per hr. from each room. This method of design is generally 
familiar to the engineer and can be used by any well-qualified furnace 
man, as fairly simple formulas can be made to cover most types of 
installation. Standard handbooks or other works} on heating may 
be consulted for methods of computing the amount of heat to be sup- 
plied buildings. 

Knowing the B. t. u. loss per hr. from any room on any floor 
(first, second, or third) and given any register temperature, the heat 
available at the register in B. t. u. per sq. in. of leader pipe may be 
taken from the curves of Fig. 71. A simple division will give the 
square inches of leader pipe necessary to heat the room to 70 deg. F. 

For example, take the first-floor rooms of a house and assume 
a register temperature of 175 deg. F. From the curve for the first 
floor, it is evident that one square inch of leader pipe will carry 103 
B. t. u. per hr. to the rooms. Then dividing the B. t. u. loss per hr. 
from each first-floor room by 103 gives the number of square inches 
of leader pipe necessary to heat each room. 

In plotting the curves, the average register air temperature for 
any one floor was used in each ease. It should be pointed out that 
there may be an appreciable variation in register air temperatures 
on any one floor. It is therefore evident that the size of the pipe as 
figured may not be absolutely correct in each ease. It is not much 
in error, however, and in view of the large increase in pipe areas from 
one commercial size to the next, the error is negligible for all practical 
purposes. 


* Since the data available for use in this bulletin are much more complete than those 
used in the previous bulletins on warm-air furnace research, the curves here presented 
supersede all curves previously plotted. 

t “Code of Minimum Requirements for Heating and Ventilation,” Sec. III, Trans. of the 
A. 8. H. and V. E., January, 1924, 
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XIX. PrrrorMANCE or LEADERS AND STACKS AS AFFECTED 
BY STacK AND LEADER Size 


-( AUxInIaRY PLant Data, Fics. 8-17 ) 


64. General Statement An analysis of results obtained in tests 
of various second-floor stacks (Section 8 and Fig. 4) with 10-inch and 
8-inch diameter leaders, having particular reference to the heating 
effect obtainable with various ratios of stack. area to leader area, is 
presented in this chapter. For a complete analysis of these results, 
in addition to the information given herein, that part of Chapter XVI 
dealing with the relative effectiveness of single-wall and double-wall 
second-floor stacks should be consulted. 

65. Relation between Stack Size and Heating Effect for Con-— 
stant Register Air Temperature and Constant Heat Input—tThe curves 
of Figs. 8 and 9 show the relation between air temperatures at the 
registers and heating effect at the registers, two quantities which were 
calculated as indicated in the figures. Figure 8 shows the results for 
a 10-inch leader and Fig. 9 those for an 8-inch leader. These curves 
have a very practical application in the design of a gravity warm-air 
installation. Given a room to be heated and a predetermined register 
air temperature, it is only necessary to refer to the curves and select 
the wall-stack size corresponding. Thus a room having 9500 B. t. u. 
per hr. heat loss in the coldest weather can be heated to 70 deg. F. by 
a 38-inch by 12-inch stack at a register air temperature of 175 deg. F. 
If higher register air temperatures are permissible, smaller stacks may 
be used, and if lower register air temperatures are desired, larger 
stacks must be used. 

In Figs. 72 and 73 the relation between heating effect at the reg- 
isters and heat input to the furnace is shown for all the stacks, Fig. 72 
showing the results obtained when a 10-inch leader was used, and 
Fig. 73 those obtained when an 8-inch leader was used. The curves 
plotted on the basis of heat input are markedly different from those 
plotted on the basis of register air temperature. In order to show the 
relation between the various sizes of stacks from the two viewpoints, 
Figs. 74 and 75 are presented. 

Figure 74 was prepared by selecting values for heating effect 
at the register at register air. temperatures of 130, 160, and 190 deg. F. 
for each of the stacks, and comparing the average of these three values 
with the average for the round stack of the same diameter as the 
leader. Plotted against the stack to leader area ratio, which is also 
the relative stack area, these comparative values are shown by the 
lines of Fig. 74. Figure 74, therefore, expresses the relation between 
the stack to leader area ratio and the relative heating effect for 
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constant register air temperature. It should be understood that the re- 
sults obtained for the stacks connected to a 10-inch leader were com- 
pared with those for the 10-inch diameter stack and likewise the re- 
sults obtained with the stacks connected to an 8-inch leader were com- 
pared with those for the 8-inch diameter stack. The general direction 
covered by the points may be indicated by a straight line, and the 
ratio of stack to leader area appears to be the same as the relative 
heating effect. In other words, the heating effect to be expected 
at constant register air temperature varies directly with the cross- 
sectional area of the stack, when connected to the same leader. 
Figure 75 was prepared by selecting values of heating effect at 
three rates of heat input to the furnace and comparing the average 
of the three with the average for the round stack. Plotted against 
the stack to leader area ratio the relative heating effect at the register 
may be indicated by a curved line as shown in Fig. 75. This figure, 
therefore, expresses the relation between stack to leader ratio and rel- 
ative heating effect for a constant heat input to the furnace. In Fig. 
75 the curves for single-wall and double-wall stacks with 8-inch leaders 
are shown in addition to the curves for stacks with 10-inch leaders. 
The register air temperatures corresponding to the two pairs of curves 
‘are also shown. Figure 75 indicates that a stack with an area 0:6 
times the area of the leader will convey (for a constant heat input : 
to the furnace) over 0.9 times as much heat to the registers as will a 
stack the full size of the leader. It should be noted that the values 
obtained for the relative heating capacities of pipes when the basis of 
comparison is constant register air temperature are quite different 
from those obtained when the basis of comparison is constant heat in- 
put to the furnace, the plotting of these relative capacities on the 
former basis giving a straight line, and on the latter a sharply curved 
line. - 
This difference between the curves of Figs. 74 and 75 requires 
further explanation and discussion. On the basis of Fig. 75, it would 
not appear worth while to use a stack area greater than 0.75 the area 
of the leader, while Fig. 74 shows that heating effect is proportional 
to stack area, and that greater heating effect can be obtained by using 
larger stacks. It must be borne in mind, however, that Fig. 74 ex; 
presses a design condition, whereas Fig. 75 expresses an operating 
condition. A correct design must be based on a wniform and reason- 
able register air temperature (Chapter XVII). In testing under the 
operating condition the heat input is kept constant, but the register 
air temperature varies with the size of the stack installed. To produce 
the desired effect the temperatures may become very high. Thus in 
the case just referred to, in which a stack with a relative area of 
0.75 (stack to leader ratio = 0.75) would produce 95 per cent of the 
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available heating effect, the register air temperature would exceed 180 
deg. F. (Fig. 75), whereas by using a stack with a relative area of 
0.95 (stack to leader ratio = 0.95) the register air temperature would 
not exceed 162 deg. F. 

The marked difference in the curves of Figs. 74 and 75 for the 
stacks with 10-inch leaders made additional study necessary, for the 
purpose of both verifying and explaining the sudden change in the 
eurves of Fig. 75. 

The curves marked ‘‘8-inch leader’’ in Fig. 75 represent the re- 
sults of tests with several of the stacks which were used in conjunction 
with the 10-inch leader tests. These curves, although not identical 
with the curves for the 10-inch leader tests, do indicate that a stack 
with an area 0.6 times the area of the connected leader will deliver a 
heating effect 0.9 times as great as will a stack the full size of the 
leader. The results obtained with the 8-inch leader pipe corroborate 
those obtained with the 10-inch leader pipe. 

66. Critical Examination—Further analysis of the conditions 
obtained in the tests represented by Fig. 75 is contained in Figs. 76 
and 77. In Fig. 76 the factors which influence the heating effect, 
namely, the weight of air flowing and the temperature rise in the sys- 
tem, are shown separately plotted on the basis of relative stack areas 
for a constant heat input. Inasmuch as the heating effect H is the 
product 

H=W *X (7-,—ti) XK 0.24 


it is essential to know the variation in the value of W, the weight of 
air, and (7,—T;), the temperature increase between inlet and reg- 
ister, as the stack size is varied and the heat input held constant. In 
Fig. 76 the weights taken from Fig. 10 and the temperature increases 
are shown in comparison with these quantities for the best (10-inch 
diameter) stack. Thus it may be observed that as the relative stack 
areas approached unity the temperatures (7,—7;) decreased, but 
the weights of air flowing, W, increased. This appears paradoxical 
inasmuch as the velocity decreases with the temperature, but at the 
same time the air density increases, and as the area of the pipe also 
increases the condition shown in Fig. 76 results. As a test of the ac- 
curacy of the curves of Fig. 76, the product of air weight and tem- 
perature increase should be taken at some fixed stack area and com- 
pared with the heating effect for the same stack in Fig. 7 5. For ex- 
ample, at a relative stack area of 0.6, the relative air weight is 0.81, the 
relative temperature difference is 1.20, and the product is. 1.20 x 0.81 
— 0.97. Reference to Fig. 75 will show that at a relative stack area 
of 0.6 the relative heating effect from the 10-inch leader curves is about 


0.96. 
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As a final corroboration of the shape and significance of the curves 
of Fig. 75, the over-all efficiencies of the various systems composed of 
the same furnace and leaders but different stacks were plotted (Fig. 
77) for a common heat input to the furnace. These over-all efficiencies 
were calculated from Fig. 72 by dividing the heating effect for each of 
the stacks at the average input of 21000 B. t. u. per hr. by 21000 
B. t. u. per hr. When these efficiencies are plotted against relative stack 
size the resulting curves, Fig. 77, show that the stacks with areas 
greater than 0.6 of the leader area can be credited with increasing the 
over-all efficiency from inlet to outlet about 5 per cent. On the other 
hand, the efficiency curve also serves as a confirmation of results 
presented in Figs. 75 and 76 in showing that sizes below 0.6 are re- 
sponsible for low heating effect and low efficiencies. 

The efficiencies of the stacks on the 8-inch leader are also shown 
and will be discussed under the heading of ‘‘influence of leader size 
upon heating effect.’’ These efficiency points fall along a curve sim- 
ilar to that for the 10-inch leader and verify in general the conclusions 
drawn in reference to the tests with stacks on a 10-inch leader. 

67. Velocity of Flow in Stacks of Various Sizes.—The results 
obtained from a study of air-flow velocities for the various stacks 
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tested are embodied in the curves of Figs. 10 and 78. In Fig. 10 the 
weights of air flowing in each of the stacks connected to a 10-inch 
leader pipe are shown for the entire range of register air temperatures. 
From these curves of air, weight values at 160 deg. F. were selected 
and the corresponding velocities of flow in the wall stacks calculated. 
For these velocity calculations and air temperatures the average of 
the air temperatures at the register and the boot were taken as most 
nearly representing the mean. These temperatures can be observed 
by reference to Figs. 14, 16, and 67. 

The velocity of flow in the stacks appears from Fig. 78 to vary 
directly with the register air temperature, that is, the curves are 
straight lines. In order to show the relation existing between the 
curves of Fig. 78 for a constant register air temperature, Fig. 79 has 
been prepared. Here relative velocity has been plotted against rela- 
tive stack area for the tests with the 10-inch leader. The velocity of 
flow, 285 feet per minute, in the 10-inch diameter single-wall stack 
was taken as the basis when the corresponding constant register air 
temperature was 160 deg. F. 

It may be observed that the velocity increased as the stack sizes | 
decreased, but not in the same proportion. Thus a change from a 
10-inch circular stack, with an area of 78.5 square inches, to a ree- 
tangular stack with an area 0.6 times as great, or a reduction in stack 
area of 40 per cent, resulted in an increase in velocity of 24 per cent, 
or in other words, the velocity changed from 285 feet per minute to 
354 feet per minute. 


In Fig. 79 relative velocity curves are shown for both single-wall 
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and double-wall stacks. It should be observed that for a constant reg- 
ister air temperature the velocity of flow in an exposed single-wall 
stack exceeds the velocity in an exposed double-wall stack. As the 
studding and furring materials serve to protect the single-wall stack 
from loss of heat (Chapter XVI), for an actual installation the two 
curves would le more nearly together. 

In Bulletin 112 of the Engineering Experiment Station* (p. 43), 
velocities in the wall stacks averaging 328 feet per minute for second- 
floor stacks are recorded at temperatures of approximately 161 deg. F. 
The following example will serve to test the applicability of the data 
obtained in the auxiliary plant: If a relative stack size of 0.5 is taken, 
corresponding to a 3-inch by 13-inch stack, the velocity will be 1.23 
X 285 = 351 feet per minute. Since the leader pipe used in obtaining 
the data of Bulletin 112 was 8 inches in diameter, this value, 351 feet 
per minute, should be reduced as described under Section 68 of this 
report, an amount of 6 per cent as shown in Table 17. This cor- 
rected value of the velocity would be 351 & 0.94 = 330 feet per min- 
ute, which is in close agreement with the value, 328 feet per minute, 
recorded for the piped-furnace installation referred to in Bulletin 112. 

TABLE 17 


HEATING EFFECT FOR VARIOUS STACKS 
WITH 10-IN. AND 8-IN. LEADERS 


| 10-in. Leader 8-in. Leader Per Cent 
Stack | Register . | Reduction 
Size - | Air | in Heating 
in. Temperature Curve Heating Curve Heating Effect for 
| deg. F. | No. Effect No. Effect | 8-in. Leader 
| B. t. u. per hr. B. t.u. per hr.) 
£3x10D 160 | 5 5100 27 4900 4 
ox sO i 160 | 6 6300 29 6000 5 
3 x108 160 | 11 6900 30 6400 T 
3x128 160 | 10 8000 28 7400 7 
8x13D | 160 4 7800 32 7300 6 
383x138 . 160 15 8200 | 31 7700 6 


68. Influence of Leader Size on Heating Effect of Various Stacks. 
—The tests of stacks in conjunction with two sizes of leader pipes 
furnish data upon which to base conclusions as to the influence of 
leader size upon heating effect. Inasmuch as the leader lengths were 
8 feet, a fair average, and as the diameters, 8 and 10 inches, cover the 
range of sizes commonly used with second-floor stacks, and as a great 
range of stack sizes was tested, the analysis of the data should show 
conclusive results. 

By reference to Figs. 8 and 9, the data included in Table 17 may 
be selected at a register air temperature of 160 deg. F. 


* “Report of Progress in Warm-Air Furnace Research,’ Univ. of Ill. Eng. Exp, 8ta., 
Bul, 112; 1919. 
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These data based on a common register air temperature show that 
when a leader pipe 8 inches in diameter was substituted for one 10 = 
inches in diameter, a reduction in area of 36 per cent, the heating effect 
was reduced only 5 or 6 per cent. 

In order to show this effect graphically, Fig. 80, which presents 
the relation for all the stacks tested, was prepared. In this diagram 
the relative heating effect for each of the stacks tested, both single- 
wall and double-wall, with both 10-inch and 8-inch leaders, compared 
with the heating effect for the 10-inch double-wall stack, is plotted 
against the relative areas of the stacks with the area of a 10-inch 
diameter stack taken as unity. This method of plotting gives four 
curves. As it was not the intention to show a relation between single- 
wall and double-wall stacks, the areas between the curves were cross- 
hatched into two zones, the upper zone representing the results ob- 
tained with a 10-inch leader and the lower zone those with an 8-inch 
leader. These comparisons were based on a constant register air 
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temperature of 160 deg. F., and the zones show that the heating effects 
obtained with the 8-inch leader were only slightly lower than those 
obtained with the 10-inch leader. From the viewpoint of constant 
register air temperature, therefore, there appears to be little advantage 
in large leader pipes. This general conclusion appears to be true so 
long as the stack area does not exceed the leader area, for the point 
numbered 26 in Fig. 80 was obtained with tests of an 8-inch diameter 
stack on a leader of the same diameter, and it lies within the zone. 

A similar analysis based on a constant rate of heat input has been 
made and is shown in Fig. 81 in which the zones overlap for small 
stack sizes but diverge as the sizes increase. This divergence is not 
great, however, and the general depression of the zone representing 
the 8-inch leader pipe tests is approximately 6 per cent. The lower 
zone is not carried beyond a relative stack area of 0.64 (based on a 
10-inch stack) as this corresponds to an 8-inch diameter stack on a 
leader of the same diameter. 
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oe From these analyses of the data for tests of two sizes of leaders, 
it is evident that the heat carrying capacity of a leader is not propor- 
tional to the area of the leader, but is more nearly proportional to 
the area of the’stack provided the stack is always as small as or smaller 
than the leader. 


XX. PERFORMANCE OF LEADERS AND Sracks as AFFECTED 
BY HEIGHT oF STacKs > 


( SEE AUXILIARY FuRNACE TESTS, GRAPHICAL Dara Figs. 8-17, AND 
PIPELESS FURNACE TEST, Fic. 84 ) 


69. Object of Tests—On account of the variation in the height 
of the column of heated air the velocity of flow of air in stacks and 
leaders varies with the height of the register face above the furnace. 
To show the effect of varying the height upon the heating capacity 
there are available a series of tests on the auxiliary plant (Fig. 5) and 
a test on the pipeless furnace plant.* 

70. Description of Test Equipment and Method—A general 
description of the auxiliary plant and the method of testing was given 
in Chapter II. For the tests discussed in this chapter, a double-wall 
stack 434 inches by 13 inches connected to a 10-inch diameter leader 
pipe 8 feet long and a side-wall type of register were used. The 
height variations were obtained by inserting extra lengths of stack. 

71. Results and Conclusions.—By plotting heating effect against 
register air temperature, the curves of Fig. 82 were obtained. The 
significant observation to be made from these curves is the inequality 
of the vertical distances between the curves which, however, represent 
approximately equal increases in stack height. In order to show the 
relation between these curves, Fig. 83 was prepared by plotting 
values obtained from Fig. 82 against stack height for four different 
register air temperatures. In addition, there was plotted in Fig. 83 
one curve which shows the manner in which heating effect varied as 
the stack height was increased while the supply of heat to the furnace 
was held constant. 

From the curves of Fig. 83 the following definite conclusions may 


be drawn: 
(a) For a given register air temperature the heating-effect 
—height relation is not a direct relation; the heating effect in- 


creases at a lesser rate than the height. 
(b) For a constant heat input to the furnace the heating 


* “Tnvestigation of Warm-Air Furnaces and Heating Systems,”’ Univ. of Ill. Eng. Exp. 
Sta., Bul. 120, p. 26, 1921. 
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/Z 


effect may actually be reduced as the height is increased. In 
Fig. 88, the dotted line shows that for the particular size of stack 
tested any height above 15 feet resulted in a reduced heating 
effect. This does not infer that the heating effect could not be 
increased by increasing the heat input to the furnace, but only 
that if the heat input is fixed there is a limit to the effectiveness 
of high stacks. 


72. Corroborative Results—tIn Bulletin 120 of the Engineering 
Experiment Station, page 23, there are shown curves obtained from the 
piped plant data corroborating in slope and curvature the curves of 
Fig. 83. 

In addition, the results shown in the curve of Fig. 84 were ob- 
tained by extending the discharge tube of a pipeless furnace* in the 
manner indicated in the sketch. The curve shows that for a constant 
temperature at a fixed point in the discharge pipe the velocity of flow 
is a decreasing function of the height. The curve has the general 
characteristics of the curves of Fig. 83. It may be observed that in 
Fig. 84 velocity of flow is plotted against the height of register above 
the center line of firepot, while in Fig. 83 heating effect at the register 
is the quantity so plotted. It should be understood that these quanti- 
ties are comparable when the register air temperatures are the same. 


*“Tnvestigation of Warm-Air Furnaces and Heating Systems,’’ Univ. of Ill, Eng. Exp. 
Sta. Bul. 120, pp. 26-47, 1921. 
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Fig. 85. Water REQUIRED FOR HUMIDIFICATION 


XXII. Humipiry anp Evaporatine Pans 
( SpeciaAL Evaporation TEstTs ) 


73. General Statement.—The problem of humidification may be 
conveniently resolved into three factors : 


(1) The percentage of relative humidity required for health 
and comfort, 

(2) the amount of water vapor required to produce this 
percentage of relative humidity, and 

(3) the means to be employed in evaporating such a quan- 
tity of water. 


All three of these factors have received consideration during the 
entire progress of the investigation, and much study and experimenta! 
work has been devoted to securing significant data relating to factors 
(2), and °(3); 

74. Relative Humidity Requirements.—Investigation shows that 
with a room temperature of 69 deg. F. a relative humidity of about 
40 per cent should be maintained for comfort.* 


* “Ventilation Tests at the Chicago Normal College,’’ by the Chicago Commission on 
Ventilation, under the direction of Dr. E. Vernon Hill. 

“Determination of the Comfort Zone,’’ by F. C. Houghten and C. P. Yagloglou, Journal 
of the A. 8S. H. and V. E., Vol. 29, No. 6, Sept. 1923. 
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75. Evaporation Requirements.—The curves in Fig. 85 show the 
amount of water that must be evaporated per hour in order to main- 
tain various percentages of relative humidity in 10 000 cu. ft. of space 
in which the temperature is 69 deg. F., when the outdoor temperature 
ranges from — 10 deg. F. to 70 deg. F. These curves are based on 114 
air changes per hour. In well constructed buildings, where not over 
one air change would take place, the amount of water required to be 
evaporated per hr. would be correspondingly less than shown in these 
curves. Fig. 85 also shows the mean relative humidity outdoors at 
Urbana, Illinois. This curve is based on observations made by the 
Department of Soil Physics at the University of Illinois and was 
plotted from data taken during the five years from October, 1917, to 
October, 1922. Readings are made daily at this station at 7 A. M., 
2p.™M., and 7p. M. The method for computing the curves of Fig. 85 
has been previously reported and published.* 

In order to use the curves in Fig. 85, a reasonable value is first 
chosen for the minimum outdoor temperature: This should be the 
same as the outdoor temperature upon which the design of the heating 
system is based. The amount of water which must be evaporated to 
maintain the desired relative humidity indoors may then be read 
from Fig. 85. This amount of water provides the humidity required 
for the daytime, during which the temperature to be maintained is 69 
deg. F., and is the maximum demand for the evaporative performance 
of the humidifier. At- night, when the heating system is less active, 
the evaporation from the humidifier will probably be less than during 
the daytime, but at the same time the temperature in the house may 
be 60 deg. F. or lower, and less water is required to maintain the same 
relative humidity. A comparatively high relative humidity is not 
required at night, however, since the house is usually unoccupied with 
the exception of the bedrooms in which the condition of the air is 
practically the same as that of the outdoor air if the rooms are properly 
ventilated. If the humidifier has a capacity large enough for the day- 
time requirements it will therefore prove sufficient for those at night. 

In the case of a warm-air furnace system when the outdoor tem- 
perature increases the temperature at the register faces decreases. The 
evaporation will therefore become less, and tend to compensate for 
the fact that less water is required when the outdoor temperature is 
higher. 

For example, in order to humidify a house of 15000 eu. ft. of 
heated space so that it is comfortable at 69 deg. F., the indoor relative 
humidity should be maintained at about 40 per cent. Reference to 
Fig. 85 will show that if the outdoor temperature is 0 deg. F. an 


*“Humidity Requirements for Residences,” Journal of the A. S. H. and V. BE. Vol 
29, No. 1, Jan. 1923. ; - 


a 


REPORT OF PROGRESS IN WARM-AIR FURNACE RESEARCH, PART 11 141 


At 180; Dome Pan evaporates 098 1 Water per sain Sur tece per eA hrs. 


“ “ Crescent“ “ 068 “ “ be “ea ‘73 4 & 
“ “ Kegular “ “a 0. “ce “ce 73 “ea “ (3 “aw 
p Ave frelative Humidity, entering Ai, $2%. Ave. Dry Bulb Jemperarure oF 
X60 6192 
y < 
NE ye 
es \ 
\ 120 S/44 
©} 
Ss 
$00 Ni 


s 


SN 
Gallons Evapor 


founds Water Evao 
§ 8 


8 
8 


150 /60 /70 780 
Equivalent kegister lemp. above 65 F 


Fie. 86. EVAPORATION FROM PANS IN A FURNACE BURNING 
ANTHRACITE COAL 


° Fan in turnace Wal, Bifurmirratws Coa/. 
© fan in furnace Wa é Litwimirious Cog! 


100 HO-~ 20 1/30 ry 30 ,J60 (70 /80 1/90 
Neon Temoerarure a Kegister (hrodt t7? Degrees /. 


Ware Lvqpar aed SNe a] 


LG 5G. tt OF Sur lace 
Q2\ per 24 fr 17 Lb, 


Fia. 87. EVAPORATION FROM CRESCENT-SHAPED PaNs IN Two FURNACES 
BuRNING BITUMINOUS CoAL 


142 “ {LLINOIS ENGINEERING EXPERIMENT STATION 

a . cm 7 \/ ( 
a BRMABPAwS 

: /| 
Coie = of 
~ ie /\° Ve 

= i 

_ ima ae 
N /4 4 iz = T ie A VY 
‘ BEE. 
§ eb + = 
‘ ee 
9/2) eal iif v4 

\ yi d9 

») : 

~ +1 4 4 — =o fygoorarion? 1701) St//— 
NY 08 ile Oo a 

= ay A 9 face Of crescer-shqoed waler 
N 06 is a aes eee tae 4 - par in fiirnace Na. 2. 

S ea o | —- frgooratian trom surface 
S04 = a 4 —jn st/// air at 70 deg. F- 

NY em x —< £ ? ea > 

S oo VAPOTATIOL)? T7O7) SUT 
S 02 i =+ taCE OF A1) ALOVE SIEM? TAG) - 
S , ie a i 
= 07% 80 90 100 HO [20 (30 140 [60 160 /70 /80 190 200 HO 220 


: Temperature at Surtace of Water in deg. - 
Fig. 88. Errect or Air MoyvEMENT ON EVAPORATION FROM WATER PANS 


evaporation of 1.5 & 0.725 = 1.09 gal. of water per hour will be re- 
quired of the humidifier during the daytime. 

76. Performance of Evaporating Pans—The curves in Fig. 86 
show the evaporative performance of three types of water pans that 
are feasible for use in connection with a warm-air furnace. These 
curves were obtained on a east-iron circular-radiator furnace using 
anthracite coal. Similar curves are shown in Fig. 87 for two furnaces 
using bituminous coal. The crescent-shaped water pan shown in Fig. 
86 was used on both these furnaces. In furnace No. 1 the pan was 
placed so that the outside surface touched the casing while in furnace 
No. 2 it was placed midway between the casing and the firepot. 

Fig. 88 shows the evaporation taking place from the surface of 
an open pan for various temperatures of the water in the pan. These 
data were obtained from an open tank standing in still air, and having 
an exposed surface of 18 by 30 inches. The surface of the water was 
maintained 4 inches below the top of the tank. Figure 88 also shows 
the evaporation from the surface of the crescent-shaped water pan in 
furnace No. 3. It is evident that the circulation of the air across the 
surface of the water in the pan materially increases the evaporation 
over that occurring at the same water temperature when the pan is 
in still air, 

The curves of Figs. 86 and 87 indicate the difficulty involved in 
evaporating sufficient water for adequate humidification by means of 
any practical system of pans used in connection with a warm-air 
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Fig. 89. CONDENSATION CURVES FOR WINDOWS 


furnace. Figure 88 shows that proper humidification cannot be ob- 
tained by placing pans on low temperature surfaces such as hot-water 
or steam radiators unless an excessive amount of water surface is ex- 
posed. Water temperatures of 120 to 130 deg. F. represent the 
maximum that can be obtained by such arrangements. 

The curves in Fig. 89, obtained by computation, show the tem- 
perature of the inside surface of the window glass, and the relative 
humidity at which condensation will appear on the inside surface of 
the windows, for an indoor temperature of 69 deg. F. and various out- 
door temperatures. These curves indicate that when single windows 
are used, with a relative humidity of 40 per cent, condensation will 
appear on the glass when the outdoor temperature is approximately 
30 deg. F. If storm windows are used, the outdoor temperature may 
be as low as — 10 deg. F. without condensation occurring. 
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APPENDIX 


THE ORGANIZATION OF THE FuRNACE ResearcH Starr 
AND THE ADVISORY COMMITTEE 


THE agreement* between the University and the Association pro- 
vides for a staff of at least two full-time research associates and one 
half-time research assistant, who shall be under the direction and 
supervision of the Engineering Experiment Station. The agreement 
also provides for an Advisory Committee on Furnace Research ap- 
pointed by the President of the Association. This committee meets 
in conference with the Furnace Research Staff, as occasion may 
demand, for the consideration of new subjects to be listed in the 
program of investigation, for a review of the work accomplished, 
and for a discussion of any matters affecting the scope of the 
investigation. 


FURNACE RESEARCH STAFF 


The personnel of the research staff from April 1, 1921, to Feb- 
ruary 1, 1924, is as follows: - 


Dean College of Engineering, and 


M. 8S. KercHum ‘ : i : 
Director Engineering Experiment 


C. R. Ricwarpst Station. 

A. C. Wmuarp. . Professor Heating and Ventilation, and 
Head of Department of Mechanical 
Engineering. 

A.P. Kratz  .  . Research Professor. 

V.S. Day . ... Research Assistant Professor. 

J. A.Gorrt. .  . Instructor in Mechanical Engineering. 

C. Z. Rosecrans§ . Research Assistant in Mechanical 
Engineering. 


* Report of Progress in Warm-Air Furnace Research,’ Univ. of Ill, Eng. Exp. Sta., 
Bul. 112, pp. 61-63, 1919. 


+ Resigned, August 31, 1922. 
i= Mr. Goff was connected with the work only during vacation period, July 1 to Aug. 


15, 1922. 
| Mr. Rosecrans was connected with the work during the period June 15, 1921, to Aug. 


1, 1921. 
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~ Apvisory CoMMITTEE ON FURNACE RESEARCH 


The personnel of the Advisory Committee has been changed some- 
what since the investigation was started.* Since April 1, 1921, the 
following members of the Association have served on the committee : 


P. J. DougHertry, Chairman,t Heating Engineer, Interna- 
tional Heater Co., Utica, N. Y. 

E. B. LANnGenBerG, Secretary and Treasurer, Haynes-Lang- 
enberg Mfg. Co., St. Louis, Mo. 

R. E. Lynp, Manager Buffalo Plant, Richardson and Boynton 
Co., Buffalo, N. Y. 

R. W. Menx, Manager Furnace Dept., Excelsior Steel Fur- 
nace Co., Chicago, Ill. 

E. S. Moncrter, Vice President, Henry Furnace and Foundry 
Co., Cleveland, Ohio. 

F. W. PuHewtps, Second Vice President and- Treasurer, Moore 
Bros., Joliet, I. 

F. R. Stiuu, Vice President, American Blower Company, New 
York, N. Y. | 

H. F. Guorr, General Sales Manager, Abram Cox Stove Co., — 
Philadelphia, Pa. 

C. M. Lyman, Chairman,t Sales Manager, International 
Heater Co., Utica, N. Y. 


The present organization of the committee is as follows: 


C.M. luyman._. ~. so. oe Sees “Chairman Utes es 
EL oF. GLORE «7.0 -s cs, Peace Gee ead espana 
ii. B, UANGENBERG. « «. oo - « « Sts LoniseMa: - 
BR.W. MEenk: . . 2 i. 0 a aur 4 Omeagom ie Ss 
E.'S." Mononmer . 2 5 see" ei leveland=O nag: 
Bo W. PHELPS. « 4 5...) Saas eee) Oli eae 


Tur EpucatTiIoNaAL RESEARCH RESIDENCE 


On December 4, 1923, the National Warm-Air Heating and Ven- 
tilating Association at its mid-winter meeting in Urbana, IIl., passed 
a resolution providing for the creation of a fund not to exceed $25,000 


* “Report of Progress in Warm-Air Furnace Research,” Univ. of Ill., Eng. Exp. Sta., 
Bul. 112, pp. 57-58, 1919. 

“Investigation of Warm-Air Furnaces and Heating Systems,’ Univ. of Ill, Eng. Exp. 
Sta., Bul. 120, pp. 186-187, 1921. 

+ Mr. Dougherty was succeeded Oct. 1, 1923, by Mr. Lyman. 

~ Mr. Lyman succeeded Mr. Dougherty as Chairman, Oct. 1, 1923. 
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for the erection and equipment of a test house to be used ‘‘in con- 
junction with the research work now being carried on at the University 
of Illinois.’’ This house is to be known as the ‘‘ Educational Research 
Residence,’’ and the necessary site has already been secured. The 
front elevation and floor plans are shown in Figs. 90 and 91. 

Such a house will make it possible to compare and correlate the 
results of tests of furnaces which are now being made in the laboratory 
with the results obtained on the same furnaces under actual house con- 
ditions. In addition to this, there are many factors affecting the 
performance of a furnace heating system which cannot be adequately 
investigated in the laboratory. Such factors are: 


(1) The effect of wind, 
(2) the relative value of inside and outside air supply, 
(3) the significance and proper percentage relative hu- 
midity in the house, 
(4) the variation of air temperatures from floor to ceiling 
in actual rooms with different air temperatures at the registers, 
(5) the proper location of furnace with respect to center 
of basement, 
(6) the relative value of return air ducts above floor com- 
pared with ducts placed below basement floor, 
(7) the proper location and number of recirculating reg- 
isters, 
(8) the proper location of warm-air inlet registers, 
(9) the effect of various installation details on operation 
of wall stacks to upper floors, 
(10) the effect of various installation details on operation 
of basement pipes, 
(11) the relative value of inside as compared with outside 
chimneys, 
(12) the importance of constant temperature both day and 
night, 
(13) the problem of the remote room or the room with three 
sides exposed, and 
(14) the proper installation for a sun porch. 


The house will afford a most unusual opportunity to check up 
many of the requirements of the new Installation Code. 


